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ABSTRACT 


This  volume  supplements  Volume  I  of  the  SRI  final  report 
"Combined  Reconnaissance ,  Surveillance,  and  SIGINT  Model  (CRESS)" 
by  providing  a  detailed  description  of  the  model,  explicit  instruc¬ 
tions  for  using  it,  formats  for  the  data,  and  some  of  the  required 
data.  The  description  includes  models  for  photographic,  IR,  radar, 
visual,  TV,  PNVD,  laser,  and  SIGINT  sensors.  These  sensor  models 
provide  the  core  for  the  three  major  models  (aerial,  ground,  and 
SIGINT)  that  constitute  CRESS. 

Methods  of  providing  for  the  effects  of  navigation  error, 
aircraft  attrition  caused  by  enemy  ground  AA  weapons,  attrition 
of  ground  observation  posts,  equipment  failure,  terrain  masking, 
cloud  coverage,  vegetation  coverage,  camouflage,  misrecognition 
and  misidentif ication  of  target  elements,  false  targets,  irultisensor 
interpretation,  various  report  criteria,  delay  times  for  reports, 
and  time-ordering  of  reports  and  of  grouping  elements  into  possible 
area  tax-gets  are  also  described.  Instructions  for  collecting, 
collating,  and  processing  of  the  data  necessary  for  running  the 
computer  programs  are  in  xuded,  as  are  instructions  for  analyzing 
the  computer  output. 
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GLOSSARY 


Target 

Target  Element 
(Target  Object 

Detection 

Recognition 

Identification 


Any  collection  of  objects  thp  are  to  be 
processed  together,  usually  a  designated 
military  unit  ~uch  as  a  tank  platoon  or 
a  rifle  company 

Type  Any  one  of  the  type  of  things  of  which  a 

Type)  tr-get  is  composed  (e.g.,  T-62  tank, 

105-mm  Howitzer,  radio  set  R104) . 

Target  element  detection  is  the  determina¬ 
tion  of  the  presence  of  a  nonnatural  ob¬ 
ject  and  the  estimation  of  its  general 
characteristics  (e.g.,  linear  target, 
'tedium  land  object,  FK  /oice  sign'!l  at 
38.00  MHz).  Detection  can  be  accomplished 
by  the  sensor  operator  o-:  by  an  offline 
analyst  who  searches  through  the  raw  data 
(image  interpreter) . 

Target  element  recognition  is  the  determi¬ 
nation  of  the  oresence  of  an  object  with 
a  sufficient  level  of  detail  to  enable  the 
object  to  be  classified  as  belonging  to  a 
group  of  similar  object  types  (e.g.,  small 
animal,  wheeled  vehicle,  tracked  'vehicle). 

(1)  Target  element  identifj  .it ion 
is  the  de>.  rmination  of  the  pres!  ace  of 
an  object  with  a  sufficient  level  of 
detail  to  enable  the  object  to  be  cla-si- 
fied  by  type  (e.g.,  man,  2-1/2  t  -  truck, 
T-62  tank,  radio  set  R104> . 

(2)  Target  identification  is  the 
identification  of  a  target  through  the 
identification  of  a  characteristic  set  of 
elements  of  the  target. 


Hea* ability 


SIGIlfT 


The  ability  of  an  electromagnetic 
emitter  to  produce  a  signal  at  a  speci¬ 
fied  remote  location  that  49  sufficiently 
greater  than  the  background  noise  to  be 
detectable . 

A  generic  term  including  the  technical 
and  intelligence  information  derived 
from  foreign  communications  by  other 
than  the  intended  recipients  (COMINT) , 
or  from  foreign  noncommunications  electro 
magnetic  radiations  emanating  from  other 
than  nuclear  detonation  or  radioactive 
sources  (ELINT) . 


Conventions  for  forms  to  be  filled  in  for  keypunching 


The  first  row  will  have  one  of  the  three  entries  I,  or  R 
for  each  column  of  information 

A  denotes  alphanumeric  information.  Er^ries 
must  be  left-justified. 

I  denotes  an  integer  type  number.  Entries 
must  be  right-justified.  Blank  entries 
are  converted  to  0  by  the  computer 

R  denotes  a  real  type  number.  Entries  must 
contain  s  decimal  point  and  should  be 
light-justified.  Blank  entries  are  con¬ 
verted  to  0.0  by  the  computer. 

The  second  row  will  contain  the  rightmost  card  column  for 
each  form  column  of  numeric  information.  It  will  contain  the 
leftmost  card  column  for  each  form  column  of  alphanumeric 
information  (/  indicates  the  start  of  a  new  card). 

The  third  row  will  contain  the  headings  for  the  form  columns 
of  information. 

At  least  one  sample  of  realistic  entries  will  be  furnished. 

The  FORTRAN  format  will  be  given  at  the  bottom  of  the  fora. 
See  Fig.  23  as  an  example  of  the^a  conventions. 


I  INTRODUCTION 


This  volume  presents  detailed  discussions  of  CRESS  and  each 
of  its  three  major  submodels:  CRESS-A  for  airborne  collateral 
sensor  systems;  CRESS-0  for  ground  based  collateral  sensor  systems; 
and  CRESS-S  for  SIGINT  collection  systems. 

To  use  CRESS,  or  any  one  of  its  submodels,  requires  strict 
compliance  with  the  directions  given  for  data  preparation.  Al¬ 
though  it  is  theoretically  possible  to  use  CRESS  by  simply  following 
the  directions  for  use,  in  practice  it  will  be  necessary  tc  become 
familiar  with  the  capabilities  and  limitations  of  CRESS  by  reading 
both  this  volume  which  contains  detailed  descriptions  of  the  models 
and  the  directions  tor  their  use,  and  Volume  I  of  this  report  which 
contrins  some  supplementary  information  in  its  summary  description 
of  CRESS. 

In  addition  to  the  descriptions  of  CRESS  and  each  of  its 
submodels,  Section  II  contains  instructions  and  examples  for  each 
type  of  required  input  data,  and  samples,*  with  explanations  of 
each  type  cf  computer  output.  Section  III  contains  instructions 
for  organizing  the  data  for  computer  processing,  and  discusses 
the  analysis  of  the  simulated  reconnaissance  and  surveillance  data 
contained  in  the  computer  output.  Appendix  A  contains  the  char¬ 
acteristics  required  by  CRESS  for  a  large  number  of  target  elements 


*  Section  II  indicates  which  data  are  well  documented  and  which 
are  produced  by  the  best  judgement  of  a  few  analysts  at  SRI .  The 
typical  values  given  in  the  samples  for  this  latter  type  of  data 
should  De  questioned  bv  the  user  and  replaced  by  values  derived  from 
other  studies  or  from  the  user's  best  judgement,  if  necessary. 
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and  background*.  Appendix  B  contains  detailed  flow  charts  for 
each  of  the  types  of  collateral  sensors  modeled  in. CRESS -A  and 
CRESS -G.  Appendix  C  presents  the  propagation  equations  used 
In  CRESS -S . 
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II  CRESS  DESCRIPTION 


A.  General 

CRESS  la  a  manual/ computer  model  designed  to  simulate  the 
operational  use  and  data  output  of  reconnaissance  and  surveil¬ 
lance  (R  &  S)  systems  built  around  collections  of  sensots  selec¬ 
ted  from  the  types  listed  in  Table  1.  The  computer  programs 
are  modular  In  nature  and  many  of  the  submodels  can  be  used  or 
bypassed  at  the  option  of  the  user.  Use  of  the  entire  model 
requires  a  large  scale  digital  computer  with  a  random  access 
dish  unit  and  knowledge  of  intelligence  and  tactical  use  of 
airborne,  ground,  and  SIGINT  sensors.  While  there  are  three 
computer  programs  (aerial,  ground,  and  SIGINT)  that  direct  the 
computer  to  do  all  of  the  mathematical  calculations,  most  of 
the  bookkeeping,  und  the  printing  of  the  sensor  systems  output 
data,  users  must  provide  the  scenario  development,  collection 
plan,  weather  parameters,  target  and  sensor  deployment,  the 
criteria  for  making  reports  of  sightings,  and  the  intelligence 
analysis  of  the  reported  sensor-generated  data. 

The  sequence  of  participation  by  men  and  the  computer  is 
men-computer-men-coraputer-men ,  It  is  anticipated  that  CRESS 
will  be  usea  in  support  of  studies  that  require  a  scenario  for 
other  purposes  than  R & S  (e.g.,  war  ga.— s,  feasibility  and  tacti- 
cu’  concepts  studies,  ammunition  expenditure  rate  studies,  and 
comparative  tactical  systems  ,’tudies).  The  data  requirements 
of  the  computer  u.odels  in  CRESS  should  be  understood  before  the 
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Typical  R  &  S  efforts  undertaken  by  a  Motorized  Rifle 
Division  were  used  as  guidelines  in  determining  the  size  of 
the  problems  that  can  be  considered  by  CRESS,  However,  this 
divit,  ■  on-size  effort  serves  only  as  a  guideline,  and  the  actual 
size  of  the  R & S  problem  to  be  simulated  is  limited  by  the 
amount  of  effort  that  can  bu  put  into  the  problem  by  men  and 
by  the  size  of  the  computer  and  the  arrays  that  have  been  de¬ 
fined  for  the  computer.  The  limiting  sizes  of  the  arrays  are 
stated  in  Table  2. 

Although  the  data  produced  by  the  sensors  reflect  the 
targets  as  they  were  at  one  point  in  time,  it  is  possible  to 
move  the  targets  as  often  as  the  user  wishes  as  long  as  the 
total  number  of  target;  and  movements  does  not  exceed  750. 

The  time  interval  that  a  target  remains  in  one  position  is 
specified  by  its  beginning  and  ending  clock  time.  Since  the 
initial  and  final  valid  times  must  be  given  for  each  target, 
each  target  may  be  moved  at  a  time  specified  by  the  scenario 
v'riter,  or  all  the  targets  can  be  moved  at  the  same  time  if 
desired.  The  aerial  sensors  can  be  flown  at  any  time  as  spe¬ 
cified  by  the  flight  planner,  and  the  flight  path  will  be  simu¬ 
lated  in  time  as  it  would  be  flown  in  real  life.  The  duty 
times  for  each  ground  observation  post  (OP)  may  also  be  spe¬ 
cified  for  any  time  interval.  Thus,  CRESS  can  simulate  the 
movement  of  both  targets  and  sensors  whenever  this  movement 
is  scheduled  at  the  outset. 
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Table  2 

MAXIMUM  COMPUTER  ARRAY  SIZES 


Descriptor 

Upper  Limit  | 

Grid  areas  on  map 

* 

Target  groups 

40 

Targets 

750 

Target  movements 

749—^ 

Object  types 

100 

Object  types  in  one  target 

19 

Object  types  capable  of  anti-aircraft  fire 

30 

Recognition  classes 

40 

Detection  classes 

10 

Weather  types 

4 

Background  types 

25 

Aerial  navigation  systems 

10 

Special  objects  (reports) 

10 

Aircraft  types 

15 

a/  The  map  grids  used  must  he  contained  in  a  square  formed  by 
four  contiguous  grid  areas.  f-~{~  j 

5/  Each  time  a  target  moves,  it  1"  counted  as  another  target. 
The  total  number  of  targets  must  be  less  than  or  equal  to 
750  , 
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Table  2  (Continued) 


MAXIMUM  COMPUTER  ARRAY  SIZES 


Descriptor 

Upper  Limit 

Aerial  sensors 

40 

Sensors  of  one  type  (except  visual) 

10 

Visual 

5 

Sensors  aboard  one  aircraft 

4 

Targets  overflown 

4096-/ 

e/ 

Targets  considered  by  OPs— 

4096— ^ 

Ground  sensors 

35 

Sensors  of  one  type 

5 

Sensors  in  one  observation  post  (OP) 

4 

e/ 

OPs— 

125 

Communication  link  types 

5 

SIGINT  collection  sites 

5C 

Sensors  per  collection  site 

1 

Emitters 

4096 

A  target  is  counted  each  time  a  reconnaissance  aircraft 
covers  it  with  any  of  its  sensors. 


A  target  is  cou,u  .  again  for  each  OP  that  covers  it. 


This  includes  ground  patrols. 


In  addition  to  computer  programs  for  the  Mathematical 
nodela  of  each  of  the  aenaor  type*  Hated  In  Table  1,  conputer 
aibandels  are  alao  provided  for  each  of  the  itena  in  'iable  3. 
Many  of  theee  itena  nay  be  bypaased  by  the  aelection  of  appro¬ 
priate  option*  if  the  user  is  not  interested  in  the  effect 
caused  by  then. 

A  good  way  to  explain  how  CRESS  night  be  used  is  by  an 
analogy  with  the  gace  of  chess.  To  play  chess,  ono  must  learn 
the  six  different  types  of  pieces  used,  the  types  of  moves  that 
each  type  of  piece  can  make,  the  constraints  placed  on  the 
movement  by  the  size  and  shape  of  the  board,  the  smarting 
points  for  each  of  the  pieces,  and  the  object  of  the  game.  Ti .a 
interesting  situations  that  can  be  developed  in  chess  are 
limited  only  by  the  ingenuity  of  the  players  in  using  their 
resources . 

To  uae  CRESS  to  full  advantage,  one  must  learn  what  each 
of  the  resources  ir  that  can  be  used,  the  rules  for  using  each 
resource,  an.  the  constraints  on  using  each  resource.  Then, 
as  in  chess,  any  situation  that  can  be  developed  is  allowed  if 
it  does  not  break  the  rules  or  go  outside  the  constraints.  The 
resourr.!S  that  cne  can  exploit  when  >’  CRESS  include  the 
ter  a  of  men  that  deploy  the  targets,  the  men  who  deploy  the 
sensors,  the  men  who  do  t^e  intelligence  analysis  based  on  the 
simulated  reconnaissance  systems  outputs,  and  the  computer 
models  of  the  items  listed  in  Tables  1  and  3.  (The  constraints, 
or  size  of  the  board,  are  specified  ir.  Table  2.) 


Table  3 


COMPUTER  PLAYED  ITEMS 


•  Shadows 

•  Decision  to  make  report 
e  Assigning  stances  to  men 

•  Camouflage 

Nets 

Natural 

e  Effects  of  weather 
e  Position  location  error 
e  Failures 

Aircraft 

Navigation  systems 
Communication  links 
Sensors 

•  Attrition 

Aircraft 

OP 

•  Flight  path  geometry 

e  Selection  of  targets  covered 

•  Selection  of  AA  sites  within 
range 


e  Amount  of  imagery  taken 
e  Timeliness  of  reports 
e  Real  time  flignt 
e  Sensors  on  and  off 
e  Terrain  masking 
9  Vegetation  masking 
e  Cloud  masking 

e  Misrecognition,  misidentif ica 
tion 

•  False  targets 

9  Multisensor  enhancement 

e  Cumulative  looks  by  g  ound 
sensors 

e  Grouping  of  target  element-, 
near  each  other 

e  Reconnaissance  by  firing 

•  Output 

Control  copy 

Time-ordered  Intelligence 

Co  y 
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For  two  chess  players  of  approximately  equal  ability  to 

play  a  fair  and  interesting  game  of  chess,  it  is  hectaaary  that 

they  hare  a  chessboard  and  all  the  pieces  and  that  initially 

all  the  pieces  start  out  in  their  correct  (or  agreed  on) 

starting  positions.  Similarly,  in  using  CRESS  for  any  specified 

use,  it  is  important  that  all  the  necessary  resources  be  present 

and  that  all  the  initially  needed  data  be  generated  and  correctly 

stored  according  to  the  appropriate  formats.  This  initiali~a- 
* 

tion  process  is  performed  by  the  tcenario  developers  and  the 
men  who  deploy  the  sensors  and  specify  how  they  are  to  be  useu. 

The  collected  and  collated  data  are  then  fed  to  the  com¬ 
puter.  The  computer's  job  is  to  o.>  all  the  necessary  calcula¬ 
tions  and  printing  to  display  tne  performance  of  the  sensors 
against  the  individual  objects  in  accordance  with  the  options 
selected . 

Next  the  intelligence  team  must  analyze  the  computer- 
simulated  recennaissance/surveillenoe  input  data,  determine 
which  data  are  sufficient  to  answer  specific  ^eds,  and  deter¬ 
mine  whether  mo,  e  data  should  be  generated  to  meet  other  intel¬ 
ligence  needs,  ii  more  data  are  needed  meet  intelligence 
reeds,  the  team  can  elect  to  search  in  the  desired  area  with 
an  enhanced  probability  of  detection  by  deploying  its  sens >rs 
in  that  area  and  feeding  the  information  to  the  computer  to  be 


The  detailed  instructions  for  collecting  sad  collating  the 
necessary  data  are  in  Section  II. i.  of  this  handbook . 
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processed  again  with  the  option  selected  for  enhanced  probability 
of  detection.  This  second  play  by  tho  computer  i'a  fairly  sim¬ 
ple  to  set  up  since  only  data  for  the  changed  deployment  of 
sensors  need  to  be  generated.  When  the  results  of  the  directed 
search  are  printed  out  by  the  computer,  the  intelligence  team 
again  makes  its  assessment  of  the  situation;  this  process  is 
continued  for  as  many  times  as  desired.  Note  that  rerunning 
the  sensors  in  a  directed  search  with  an  enhanced  probability 
ol  detection  could  be  equivalent  to  re-examining  the  imagery 
of  the  first  take  of  the  sensors  so  that,  it  can  be  a  simulation 
ol  this  re-examination  and  not  an  actual  redeployment  of  the 
sensors . 
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».  Tfet  Aerial  Model,  CRMS -A 
1 .  Flight  Processing 


In  a  typical  exercise  of  CUES 3 -A,  flight  planners  will 
schedule  a  series  of  flights  over  areac  of  interest.  Each  flight 
covers  one  c -  more  reconnaissance  and  surveillance  (RS)  areas. 

Each  RS  area  in  tu*i  contains  fron  one  to  ten  parallel  and 
equidistant  flight  legs  (see  Fig.  1) .  Sensors  are  considered  to 
be  turned  on  only  while  flying  these  legs,  during  which  the  plat- 
fona  is  flying  straight  and  level. 

Figure  2  is  a  simple  flow  chart  showing  the  order  in  which 
the  various  parts  of  CRESS -A  are  processed  in  the  computer  phase 
of  the  simulation.  An  overview  of  the  model  is  given  below,  fol¬ 
lowed  by  a  more  detailed  discussion  of  each  of  the  major  elements 
except  input,  and  output,  which  are  discussed  in  Section  II. F.  At 
the  end  of  each  discussion  is  a  list  of  the  computer  subroutines 
that  are  related  to  the  items  discussed.  Figure  3  shows  how  the 
subroutines  are  linked  together. 

The  computer  calculates  the  actual  flight  path,  taking  into 
account  position  errors  caused  by  navigation  inaccuracies.  Then, 
on  each  leg  of  an  RS  area,  sach  target  in  the  vicinity  is  examined 
to  determine  if  it  is  within  the  swath  covered  by  any  sensor  on 
board  the  platform.  If  a  target  is  covered  by  a  sensor,  its 
image  is  considered  to  be  taken  at  the  moment  of  closest  approach 
on  that  leg. 

The  flight  time  to  each  target  is  then  calculated,  and  the 
targets  covered  are  ordered  with  respect  to  time,  so  that  they 
will  be  processed  in  the  appropriate  overflight  order.  If  an 
aircraft  has  a  side-looking  sensor  and  a  vertical  sensor  aboard, 
it  is  possible  that  the  target  will  be  processed  twice,  once 
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Fig.  3  CRESS -A  SUBROUTINE  LINKAGE 


whmn  thw  target  is  overflown  by  tbs  aircraft  for  the  vertical 
instrument  and  once  on  the  next  leg,  possibly  when  the  side- 
looking  sensor  ^ould  sense  it  even  though  the  target  is  then  out¬ 
side  the  naxinun  range  of  the  vertical  sensor. 

As  each  target  in  an  RS  area  is  overflown,  it  is  examined 
for  antiaircraft  capability.  If  it  has  such  capability,  a  simple 
AA  model  determines  if  the  platform  is  destroyed  or  is  allowed  to 
continue  its  mission.  This  AA  model  is  also  played  as  the  platform 
makes  turns  between  legs  of  an  RS  area. 

The  time  at  whicn  each  on-board  item  (platform,  navigation 
system,  sensors,  and  links)  will  fail  is  calculated  by  Monte 
Carlo  processes  at  the  beginning  of  the  program.  These  times  are 
then  ranked  and  stored  in  order  of  occurrence .  At  the  end  of 
each  leg,  these  fail  times  are  compared  to  see  if  any  failures 
have  occurred.  If  so,  the  effect  of  the  failure  is  considered;  a 
sensor  is  not  permitted  to  detect  targets  after  it  fails,  communi¬ 
cation  links  do  not  transmit  data  after  they  fail,  atiu  a  flight  is 
aborted  after  the  failure  of  the  platform  _.r  navigation  system. 

All  failures,  including  those  caused  by  .'.A,  are  considered  in 
order  of  their  calculated  occurrence. 

Each  target  is  processed  in  the  following  manner:  the  target/ 
background  characteristics  are  ,et  and  the  slant  range  is  calcu¬ 
lated.  Then,  in  turn,  each  object  type  within  the  target  is  con¬ 
sidered.  The  object  characteristics  are  set.  and  then,  in  turn, 
each  sensor  on  boara  the  aircraft  is  considered.  sensor 

parameters  are  set,  and  using  the  appropriate  sensor  model,  the 
probabilities  of  detection,  recognition,  and  identification  are 
calculated  for  that  particular  object .  No  matter  how  many  objects 
of  that  type  are  present  in  the  target,  tn<.y  will  all  have  the 
same  probabilities  of  detection,  recognition,  and  identification. 
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However,  each  object  is  considered  Individually,  in  that  a  random 
nui..~cr  is  drawn  for  each  object  to  determine  whether  it  is  detect¬ 
ed.  If  so,  another  random  number  is  drawn  to  determine  recognition, 
and  if  recognition  is  indicated,  a  third  random  number  is  drawn  to 
determine  identification.  Additional  random  numbers  are  drawn  to 
determine  1  '  ather  recognitions  and  identifications  are  made  cor¬ 
rectly.  If  here  are  between  30  and  150  objects  of  the  same  type 
within  a  targe,  they  are  considered  five  at  a  time.  For  between 
150  and  300,  they  are  determined  10  at  a  time,  and  above  300,  they 
are  determined  20  at  a  time.  After  the  individual  sensors  have 
looked  at  an  object,  the  performance  of  the  system  of  combined 
sensors  is  determined. 

A  target  is  considered  detected  for  report  purposes  if  any 
sensor  sights  enough  objects  at  a  sufficient  level  of  detail  to  sat¬ 
isfy  the  report  criterion.  If  the  target  is  detected,  the  time  of 
delivery  of  the  information  to  the  f:,i.el ligence  jenter  is  calcu¬ 
lated.  After  processing  the  targets  contained  in  each  RS  area, 
the  number  of  false  targets  to  be  included  in  that  area  is  deter¬ 
mined,  and  the  false  targets  are  generated 

At  the  end  of  each  flight,  the  Control  Copy  for  that  flight 
is  printed  out,  as  is  t^e  target,  aggregation  information  for  that 
flight . 

a:,  the  end  of  the  last  flight,  all  of  the  target  reports 
are  ordered  in  terms  of  their  arrival  times  to  the  intelligence 
team,  and  the  Intelligence  Copy  is  printed  out  in  that  order. 

The  remainder  of  Sec.  II. B.  is  devoted  to  the  discussion  of 
the  primary  topics  (except  targv+  location  accuracy)  modeled  in 
CRESS-A.  At  the  conclusion  of  the  discussion  for  each  topic  a 
reference  is  made  to  the  subroutines  listed  in  Fig.  3  that  are 
germane  to  that  particular  topic.  The  lengthy  mathematical 
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presentation  of  the  routines  for  computing  location  accuracies  is 
written  as  Stanford  Research  Institute's  Technical  Note  GaD-TN 
J205-15,  "The  Covariance  of  Position  Location." 

2.  Attrition 

Not  every  reconnaissance  nission  is  successfully  completed. 
Soaetines  the  observation  platform  is  destroyed  by  enemy  action, 
while  on  other  occasions  sone  critical  conponent  may  fail,  causing 
partial  or  complete  failure  of  the  mission. 

CRESS-A  provides  for  the  simulation  of  failures  of  four 
types  of  items:  the  platform  itself,  the  navigation  system,  the 
sensors,  and  the  data  links.  The  user  is  required  to  furnish  the 
mean-time-between-f allures  (MTBF)  for  each  platform,  navigation 
system,  sensor,  and  data  link  that  is  available  in  the  scenario.  A 
time  to  next  failure  (TNF)  is  calculated  from  each  MTBF  as  follows. 

It  is  assumed  that  each  failure  mechanism  fits  a  Poisson 
distribution.  That  is,  the  expected  TNF  is  independent  of  the 
point  from  which  time  is  being  measured. 

The  Poisson  distribution  is  given  by  p(X,t)  =  Xe  where 
t  si  time  and  X  =.  l/\x,  where  p  =  the  OTBF.  It  is  more  convenient 
to  work  with  the  cumulative  representation  where 

r<X,t)  as  J  Xe  ^*dx  =  1  -  e  ^ 

0 

This  is  the  probability  that  a  failm*.  occult  by  time  t,  given  X. 

C.  given  X  arH  a  random  number  n,  0  <  n  <1,  the  TNF.  T,  is  given 

-XT 

implicitly  by  u  =  1  -  e  .  From  which  we  get, 


T  as  »  logU/U~n)) 
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In  considering  the  possibility  of  platform  loss  because  of 
enemy  action,  each  target  is  assumed  to  have  a  certain  propensity 
to  fire  on  any  reconnaissance  aircraft  flying  within  range.  For 
each  target  in  the  scenario,  the  user  must  provide  the  probability 
that  the  target  will  fire  at  any  platform  within  range,  (a)  given 
that  the  pla  form  first  fires  upon  the  target,  and  (b)  given 
that  the  platform  does  not  fire  on  the  target. 

As  each  target  is  encountered,  the  slant  range  distance 
between  the  platform  and  the  *arget  is  compared  with  the  maximum 
firing  range  of  the  target.  If  the  platform  is  within  the  range 
of  the  target,  the  response  of  the  target  is  ascertained  (does 
it  fire?)  by  drawing  a  random  number  and  comparing  it  against  the 
appropriate  probability  of  target  response.  Probability  (a)  above 
is  used  when  the  reconnaissance  mission  is  employing  reconnais¬ 
sance  by  fire  at  the  time  of  target  encounter.  Probability  (b) 
is  used  in  all  other  cases. 

If  the  target  fires  on  the  platform,  each  element  in  the  tar¬ 
get  capable  of  AA  fire  gets  one  single-pass  opportunity  to  destroy 
the  platform.  The  outcome  of  that  one  opportunity  is  dependent 
on  the  firing  range  of  the  particular  object  firing  and  the  proba¬ 
bility  t^at  that  type  of  weapon  will  destroy  the  type  of  platform 
being  flown. 

All  failures  are  noted  by  messages  that  appear  to  have  ori¬ 
ginated  at  the  time  of  failure.  These  messages  are  then  printed 
out  on  the  intelligence  Copy  at  the  appropriate  time. 

Pertinent  subroutines  are  FAILTM.  ACKACK,  TURNAA,  ATRI""' 
and  FAILMS. 
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3.  Raconnalaaance  by  Fire 

CKB88-A  provides  for  the  utilisation  of  reconnaissance  by 
fire  (RBF) .  In  this  case,  the  user  specifies  that  RBF  is  one  of 
the  censors  to  be  placed  on  the  platform  and  then  indicates  for 
each  RS  area  of  the  flight  whether  RBF  is  to  be  used  in  that  area. 

When  used,  it  is  assumed  that  the  platform  brings  under  fire 
a  swath  as  wide  as  the  firing  range  of  the  platform.  Each  target 
responds  according  to  its  probability  of  firing  at  a  platform, 
given  that  it  (the  target)  is  first  fired  on  by  the  platform.  If 
the  random  number  draw  indicates  return  fire  from  the  target, 
it  is  reported  as  detected . 

Pertinent  subroutines  are  ACKACK  and  TURNAA . 

4.  Target  Masking 

Four  causes  of  target  masking  are  considered  in  CRESS-A: 
terrain  masking,  cloud  masking,  vegetation  masking,  and  camouflage 
nets.  While  all  sensors  are  Drocked  by  terrain  masking,  radar 
sensors  can  penetrate  clouds,  IR  sensors  can  partially  penetrate 
vegetation  masking,  and  both  IR  and  radar  sensors  can  penetrate 
camouflage  nets.  The  basic  masking  parameters  are  determined  on 
a  target-by-target  oasis  and  IR  and  -adar  sensors  are  allowed  to 
penetrate  that  masking  as  appropriate. 

Random  numbers  are  drawn  before  any  sensor  processing  to 
determine  the  numbers  of  objects  that  will  be  in  line  of  sight  for 
sensors  'n  each  spectrum.  Only  the^e  objects  having  line  of  sight, 
for  the  particular  type  of  sensor  will  be  processed  for  that  sensor. 

If  the  line  of  sight  probabilities  were  includeu  in  each  of 


the  sensor-generated  probabil ities  anrf  then  random  numbers  drawn 
to  uv.termine  the  number  of  objects  seen  by  each  of  the  sensors  (as 
many  reconnaissane~  models  do),  it  would  be  oossibl-  fir  one 


sensor  to  sight  many  objects  of  a  target  because  of  a  lucky  random 
number  draw  while  another  sensor  of  about  the  same  capability  and 
on  the  same  aircraft  sighted  only  a  few.  If  this  happens  when 
the  probability  of  line  of  sight  is  low,  an  inaccurate  simulation 
of  the  aircraft  reconnaissance  system  results  for  that  target. 

This  circumstance  is  avoided  in  CRESS. 

5 .  Personnel 

As  each  target  is  processed  for  possible  sighting,  it  is 
necessary  to  know  how  many  of  each  object  type  are  included  in 
each  target.  Part  of  this  information  is  prepared  befo  ehand  and 
is  read  from  data  cards.  However,  data  for  personnel  and  camou¬ 
flage  nets  need  fu~ther  consideration. 

The  number  of  personnel  in  each  target  is  read  from  data 
cards,  but  there  is  no  indication  as  to  what  these  men  are  doing-- 
are  they  standing,  in  foxholes,  riding  in  vehicles  or  other?  To 
allocate  personnel  correctly  to  various  physical  stances,  refer¬ 
ence  is  made  to  a  table  called  MENARY  (see  Section  II. D) .  This 
array  indicates  the  percentage  of  personnel  in  each  of  five 
stances  (standing,  prone,  slit  trench,  foxholes,  or  vehicles)  for 
each  of  16  postures  (e.g.,  hasty  retreat,  prepared  position,  fc.  - 
ward  march) .  Each  target  is  identified  as  to  its  posture,  and  the 
personnel  are  divided  into  the  appropriate  categories. 

MENARY  also  indicates  what  perce”t^~e  of  the  personnel  in 
each  stance  are  under  camouflage  nets,  and  an  entry  ?n  the  user 
prepared  target  variable  array  (TARVAR)  i.  licates  the  same  for  the 
equipment  in  each  target.  From  this  infr'rma  ion,  the  num'  »r  of 
camouflage  nets  of  various  -izes  is  determined  for  each  target . 

The  pertinent  3ubro”tine  is  TAROBJ. 
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6 .  Shadows 


The  presence  or  absence  of  shadows  can  affect  the  probability 
of  detecting  an  object  by  sensors  that  use  the  visual  range 
(cameras ,  eyes,  and  binoculars) .  CRESS-A  recognizes  the  possi¬ 
bility  that  it  may  be  an  object's  shadow,  rather  than  the  object 
itself,  that  is  detected.  The  length  of  the  shadow  may  be  thought 
of  as  having  a  north-south  component  a"d  an  eaat-we3t  component. 

The  north-south  component  will  vary  according  to  the  time  of 
year  ana  the  latitude  of  the  object.  However,  it  is  not  a  func¬ 
tion  of  the  time  of  day.  For  example, if  one  has  a  wall  running 
in  an  east-west  direction,  the  shadow  line  cast  by  the  top  of  the 
wall  remains  the  same  distance  from  the  wall  all  day  long.  That 
ditance  will  of  course  be  different  on  different  days  of  the 
year  and  at  different  places  on  the  globe.  The  program  requires 
the  day  of  the  year  and  the  latitude  of  the  center  of  the  scenario 
to  calculate  the  approximate  north-south  component  of  the  shadow. 

The  east-west  component  oT'  the  shadow  depends  on  the  time  of 

day  or  the  deviation  of  the  sun  from  a  noon  position.  The  devia¬ 
tion  at  a  given  hour  will  not  be  the  same  for  every  place  on  earth 
every  day  of  the  year.  However,  if  the  number  of  minutes  of  day¬ 
time  for  a  given  place  on  a  given  day  are  known  and  if  the  time 
of  ..y  i;»  expressed  as  the  numbei  of  minutes  before  or  after 
noon,  the  deviation  of  the  sun  fror  a  no on  position  (and  thus  the 
east -west,  component  of  the  snadotv)  c.n  be  calculated.  Only  the 
number  w  minutes  of  daytime  must  be  given.  The  computer  calcu¬ 
lates  the  number  of  minutes  from  noon  after  it  calculates  the  time 
of  the  target  sighting. 

If  calculated  shadow  length  is  over  five  imes  the  height 
of  the  object,  the  shadov  is  ignored  and  del  otion  is  calculated 

on  the  basis  m  the  object  alone  It  is  felt  that  if  the  shadow 


Is  over  five  tises  the  length  of  the  object  that  shadows  of 
natural  objects  will  sake  detection  of  the  target  object's  shadow 
unlikely. 

Fer.-i.nent  subroutines  are  SHADOW,  CLC1IYN,  and  SENSP. 

7 .  Incorrect  Target  Reports 

In  discussing  the  "sensor"  performance  represented  in  this 
rodel,  what  is  really  being  discussed  is  the  proccz?  of  looking 
at  an  area  by  a  sensor  and  interpre  .ing  the  results  of  those 
looks,  thus  including  the  role  of  a  human  interpreter.  The  fol¬ 
lowing  are  possibilities: 

a.  Sensor-interpreter  correctly  detects  presence 
of  target  object ;  interpreter  correctly 
identifies  object. 

b.  Object  correctly  detected,  but  incorrectly 
identified . 

c.  Sensor-interpreter  fails  to  detect  presence 
of  object. 

d.  No  object  presou",  interpreter  assigns 
object  type  to  false  target, 

e.  No  target  p^osert,  no  report  made  by 
interpreter . 

Cases  a,  c,  and  t  are  those  usually  covered  in  a  reconnais¬ 
sance  model.  This  model  also  includes  case  b,  referred  to  as  the 
misidentification  possibility,  and  case  d,  referred  to  as  the 
false  target  possibility. 

Actually,  this  model  considers  two  aspects  of  case  b:  mis- 
identif ication  and  misrccognition .  Misdetection  was  not  included 
on  the  reasoning  that  the  likelihood  of  such  a  gross  error  would 
be  reduced  greatly  by  the  context  of  the  target  location  and  that 
uncertainty  at  that  low  a  level  of  discrimination  would  often  be 
reflected  in  the  failure  of  the  interpreter  to  issue  any  report 
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at  all.  This  was  a  subjective  judgment  on  the  part  of  the  analyst* 
team  and  one  that  might  be  changed  by  further  research  on  the  per¬ 
formance  of  Image  Interpreters. 

Since,  for  example,  It  is  unlikely  tnat  a  truck  would  be 
mis  identified  as  an  airplane,  but  might  be  misidentif led  as  an 
AFC,  misidentlfications  are  allowed  only  between  objects  of  the 
same  recognition  group.  Similarly,  misrecognitions  are  allowed 
only  between  objects  of  the  same  detection  class. 

A  possible  grouping  of  objects  into  recognition  and  detection 
groups  is  shown  for  those  objects  having  their  characteristics 
catalogued  in  Appendix  A. 

The  probability  of  misldentifying  or  misrecognizing  an  object 
was  obtained  as  follows.  First,  an  SRI  staff  member  experienced 
in  image  interpretation  was  presented  the  following  problem. 

Suppose  that  you  have  correctly  detected  an  object 
(which  is  really  a  T-62  tank) .  There  are  three 
possibilities  open  to  you:  (a)  you  may  correctly 
recognize  the  object,  (b)  you  may  inconcclly  recog¬ 
nize  the  object,  or  (c)  you  may  say  you  have  only 
detected  it  and  not  assign  it  to  a  recognition  class. 

Given  "average''  conditions  and  given  that  there  is 
a  .5  probability  for  possibility  (a)  (i.e.,  correct 
recognition),  what  probability  would  you  assign  to 
possibility  (b)  (i.e.,  misrecognitior) ?  Remember, 
the  probabilities  assigned  to  possibilities  (a), 

(b) ,  and  (c)  must  sum  to  1.0. 

His  answer,  say  .2,  was  taken  as  the  average  probability  of 
misrecognizing  a  T-62  tank  in  all  likely  background  settings.  The 
same  typo  of  question  was  asked  for  the  identification  level, 
where  it  was  now  given  that  the  object  (really  a  T-62  tank)  was 
correctly  recognized  and  the  probability  for  correct  identifica¬ 
tion  was  fixed  at  .5.  His  answer,  say  .3,  was  taken  as  the  average 
probability  of  misldentifying  a  T-62  tank. 


These  same  two  questions  were  asked  for  each  type  of  object 
in  the  object  characteristics  list,  and  the  results  were  entered 
on  data  cards  and  in  Appendix  A  of  the  User's  Handbook. 

It  would  seem  reasonable  that  the  number  of  items  misrecog- 
nized  and  misidentified  would  depend  on  he  viewing  conditions, 
the  distance  of  the  object  from  the  sensor,  and  so  forth.  There¬ 
fore,  the  average  probability  of  misrecognition  is  used  as  the 
basis  for  simulating  an  actual  probability  of  misrecognition  that 
varies  from  target  to  target . 

The  mathematical  model  for  each  of  the  sensors  calculates 
a  "performance  number"  representing  the  consequences  of  the  physics 
entailed  in  considering  geometry,  environment,  and  object  and  sensor 
characteristics.  This  performance  number  is  entered  into  an 
empirically  derived  curve  representing  the  interpreter’s  capa¬ 
bility  of  correctly  recognizing  the  object  under  the  prevailing 
conditions  (see  Appendix  B) .  The  higher  the  performance  number, 
the  higher  the  probability  of  recognition.  In  considering  the 
misrecognition  process,  i'.  is  argued  that  a  high  performance  num¬ 
ber  ar.d  a  high  probability  of  recognition  imply  a  low  probability 
of  incorrect  recognition.  In  the  limiting  case,  the  probability 
of  misrecognition  should  be  zero  when  the  probability  of  correct 
recognition  is  one. 

Similarly,  it  is  argued  that  the  lower  the  performance  number 
and  probability  of  correct  recognition,  the  higher  will  t  the 
ratio  of  misrecognit ions  to  correct  recognitions.  Howeve.  that 
ratio  remains  finite;  “"he  probability  of  misrecognition  becomes 
zero  as  the  probability  of  correct  recognition  becomes  zero. 

Given  these  arguments,  plus  the  fact  that  when  the  probability 
of  recognition  is  ,5  the  average  probability  of  misrecognition  has 
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bMn  defined,  it  is  possible  to  construct  a  simple  model  of  the 
nisrecognitlon  process. 

Consider  the  following  relation  between  the  probability  of 
misrecognition  (PMR)  and  the  probability  of  correct  recognition 
(PR) 


PMR  =  K  •  PR(1  -  PR) 

where  K  is  souse  constant  to  be  determined. 

This  formula  satisfies  the  above  requirements.  It  is  seen 
that  the  ratio  of  misrecognitions  to  correct  recognitions  in¬ 
creases  as  PR  decreases,  as  required  by  the  argument  made  above. 


PMR 

PR 


K(1  -  PR) 


However,  the  actual  number  of  misidentifications  is  zero 
when  PR  is  either  zero  or  one,  also  required  by  the  above  argu 
tnents . 

The  constant  K  can  be  determined  as  follows  . 


The  average  probability 
of  misrecognition  (APMR) 

A  PMR 

Therefore,  K 


PMR  \ 

\  PR  =  .5 
K(  .5X1.0-. 5) 
.  25K 
4(APMR) 


The  relationship  PMR  =  4(APMR)(Vn> (1  -  PR) 
the  arguments  made  above  for  the  misrecognition 


thus  satisfies 
process.  It  la 
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shown  graphically  below, 
1 


constant 


APMR 


normalized  to  1.0  at  PR  =  .5  by  the 


The  same  arguments  applied  to  the  case  of  ml sident if ications 
lead  to  the  following  expression  for  the  probability  ot  misiden- 
t.  ification: 


PM  I  =  4(APIII)(PX)(1  ~  PI) 

where  PI  is  the  probability  of  correct  identification  in  a  given 
situation  and  APMI  is  the  average  probability  of  misidentif ication 
analogous  to  APMR . 

Returning  to  the  example  of  the  T-62  tank,  suppose  that  the 
probability  of  recognition  is  .15  in  a  given  situation.  The 
probability  of  misrecogni t ion  in  that  case  would  be 
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ram  »  4(  .2)  ( . is)  (i  -  as) 

=  .8( .15) ( .85) 

x  .102  . 

* 

Th*  ratio  of  nlarecognltlons  to  correct  recognitions  would  be 

ram  .102 

PR~  .15 

x  .68 

If  instead  the  probability  of  correct  recognition  were  .85, 
then  the  probability  of  misrecognition  would  be 

PUR  =  4(  .2)  (  .85)  (1  -  .85) 

=  .8( .85) ( .15) 

=  .102 

;he  same  as  above.  However,  the  ratio  of  misrecognitions  to 
correct  recognitions  would  be  only 

PMR  J.02 

PR  =  .85 

=  .12 

As  the  lv'-ul ts  of  further  research  become  aval  able,  the 
user  may  be  able  to  provide  better  estimates  of  *he  avera^' 
probabilities  of  misrecognition  and  misident i f icat ion  for  each 
object . 

If  the  user  wants  to  include  the  possibility  of  mistaking 
decoys  i, r  real  targets,  the  uecoys  must  He  included  in  the  list 
of  objects  and  located  in  the  scenario  as  any  other  ''bject  oe . 
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For  war  gaming  purposes,  it  is  desirable  to  have  the  reports 
of  false  targets  be  indistinguishable  from  the  reports  of  true 
targets.  Therefore,  CRESS -A  uses  true  targets  as  the  basis  of 
any  false  targets  that  may  be  generated.  As  a  true  target  is 
detected,  an  entry  is  made  in  a  reference  table  called  FLSTYP 
(FaLSe  target  TYFes) .  This  table  includes  the  recognition  group 
number  of  each  object  that  is  detected  in  the  true  target  and  the 
sensor  or  sensors  that  detected  that  object.  Thus,  FUJTYP  be¬ 
comes  a  table  of  representative  target  types  or  feasible  target 
compositions  for  false  targets. 

Each  time  a  false  target  is  to  be  generated,  ref'"*fc"ce  is 
made  to  this  table,  an  entry  is  selected,  objects  are  selected 
for  reporting,  and  the  sensor  or  sensors  "detecting"  each  object 
is/are  obtained  from  the  table. 

The  table  FLSTYP  is  reconstructed  for  each  RS  area  so  that 
the  false  targets  will  be  similar  to  true  targets  in  the  sar’e 
area.  While  false  targets  should  be  similar  to  true  targets, 
there  are  also  some  limitations  that  must  be  realistically  imposed 
on  any  faloe  target.  For  example,  while  it  is  reasonable  that  one 
tank’  or  three  men  will  be  reported  when  ♦•’•■re  was  no  true  object 
present,  it  is  highly  /nlikely  that  10  tanks  or  100  -en  will  be 
so  reported.  Thereto ,  the  number  of  arv  particuiar  type  of 
object  and  the  total  number  of  false  objects  in  any  one  target 
are  limited  by  the  numbers  determined  by  the  user  and  input  to 
the  program  (see  Sec.  II.E  of  the  User's  Handoook  for  further 
dip  ussion  of  these  numbers). 

The  false  targets  are  further  restricted  in  size  by  allowing 
a  maximum  of  four  types  of  objects  to  be  included  in  any  one 
false  target  . 
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Another  restriction  on  false  targets  is  that  the  sighted 
elements  are  reported  only  at  the  recognition  level.  This  restric¬ 
tion  is  imposed  since  it  is  assumed  that  (1)  an  object  detected 
under  good  enough  conditions  to  cause  the  image  interpreter  to 
try  to  identify  it  will  be  seen  in  sufficient  detail  to  determine 
whether  it  is  a  bona  fide  military  target  element,  and  (2)  an 
object  detected  under  such  poor  conditions  that  only  detection  is 
possible  cannot  be  determined  to  be  a  military  target  element, 
unless  other  information  is  available. 

Reference  1  indicates  that  the  number  of  false  targets  re¬ 
ported  for  an  RS  area  will  depend  on  (1)  the  image  interpreter’s 
prior  expectation  of  finding  a  target  in  the  area,  and  ( 1!)  the 
number  of  targets  he  finds  in  the  area.  CRESS-A  accounts  for 
these  two  factors  by  using  the  following  formula  to  determine  the 
number  of  false  targets  to  be  generated  for  an  RS  area: 

f  =  n  +  (n  +  :)  •  p 


where  f  =  number  of  false  targets  generated  for  the 
RS  area, 

t  2  number  of  real  targets  detected  in  the  RS 
area, 

p  =  the  expected  percentage  ‘alse  target® 
for  the  entire  scenario  area;  supplied  by 
the  user. 

and  n  =  '1  if  a  random  nu~ber  draw  is  less  than 

the  prior  expectation  a  target 

will  be  detected  the  RS  area 

0  otherwise. 

Pertinent  =ubi or’ ines  are  MISGRP,  DETECT ,  MISID,  MISREC, 


PPOCES,  and  FLSTGT 


8 .  Multisensor  Viewing 


Research  on  reconnaissance  models  hat  to  dat  '  focused  on 
the  role  of  individual  sensors.  However,  many  potential  users 
of  'HESS  may  be  more  interested  is*  the  information  produced  by 
the  comuination  of  sensors  than  in  the  performance  of  any  sensor 
in  particular.  Therefore.  SRI  is  placing  greater  emphasis  on  the 
system  of  sensors  employed  on  a  given  mission.  Consistent  with 
this,  considerable  attention  has  been  given  to  improved  methods 
of  determining  the  probabilities  and  numbers  of  objects  seen  by 
the  multisensor  comb i,..Tt ion . 

Since  sensors  using  different  parts  of  the  electromagnetic 
spectrum  are  sensitive  t  different  characteristics  of  an  object, 
it  is  possible  that  or.''  type  of  sensor  -nay  detect  an  object  while 
another  may  not.  For  the  purposes  of  nomenclature  for  this 
section,  mapping  and  MTI  radars  will  be  considered  as  using  dif¬ 
ferent  parts  of  the  spectrum,  since  they  depenH  on  different  char 
acteristics  of  an  object  to  detect  it.  It  is  also  possible  that 
neither  sensor  could  detect  (or  recognize)  the  object  by  itself, 
but  by  considering  the  cha racterist ics  observed  by  both  sensors, 
it  is  possible  to  detect  (recognise)  the  object.  It  is  also 
possible  that  when  an  object  is  first  detected  by  one  sensor,  a 
second  sensor  may  men  be  used  to  add  to  the  information  provided 
by  the  first  sensor.  For  example,  a  radar  may  detect  a  metal 
object  and  a  pair  of  eyes,  which  had  not  previously  noticed  the 
object,  may  'ow  be  able  <'  tell  what  type  object  it  ,3.  These 
are  ex-  .p  t  multisensor  (or  more  correctly,  mul 1 : “oectral) 
enha.  cemei. 

*  possible  gain  of  information  may  also  be  attained  by  using 
two  or  more  sensors  of  the  same  spectrum  instead  of  one.  for 
xample,  it  is  possible  that  two  pairs  of  eyes  will  detect  more 
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objtcts  than  wither  pair  viewing  an  area  alone.  If  a  user  wishes 
to  place  two  or  more  sensors  of  the  same  type  (e.g.,  visual) 
in  a  reconnaissance  airplane,  he  may  do  so  by  repeating  the  sensor 
name  (VIS)  for  each  observer— -up  to  the  maximum  number  of  four. 

The  effect  of  doing  this  would  be  to  allow  each  sensor  an 
independent  look  at  each  object.  This  effect  is  calculated  by 
che  for.nula  from  classical  statistics  for  independent  trials, 


P 


i 


1 


n 

n 

j=i 


which,  in  the  cr<;e  of  multiple  sensors  of  the  Same  type,  would 
be 


P,  =  1  -  <1  -  P0)n  , 

being  che  probability  that  at  least  one  independent  look  is 
successful,  being  the  probability  of  sighting  by  one  sensor 
alone,  anc.  n  being  the  number  of  sensors  .2  the  same  type  employed. 

B-'w  ver,  In  the  case  cf  nult ispectral  enhancement,  it  is 
presumed  that  two  sensors  employing  different  spectra  will  to¬ 
gether  se«-  7no re  than  is  accounted  for  by  each  of  them  viewing 
the  scene  independently .  This  is  an  example  of  the  phenomenon 
of  synergy. 

This  might  oe  represented  as  the  bove  formula  i  „  r  independent 
look** ,  modified  by  an  enhancement  factor  Q: 

r 

p  =  i  -  n  a  -  p  >  q 

m  j=i 

where  F  is  the  probability  of  sighting  by  the  multisensor  system, 
ir 
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If  Q  is  less  than  1.0,  P  will  be  greater  than  P  .  It  would  be 

Bt  1 

desirable  to  split  this  enhancement  facto.  4nto  subfactors, 

(1  -  q  ),  that  are  dependent  on  the  particr>«,  sensors  used.  A 

J 

representation  employing  q  in  the  same  manner  a  a  the  p  would  then 

J  J 

be  possible  as  follows: 


or, 


n 

q  =  n  o  -  P  > 

j=i  j 


n  n 

pm  =  n  a  -  p.)  n  (i  -  q j) 

j=i  J  >i  J 

Honeywell,  Inc.  (Ref.  2),  has  performed  research  to  quantify 
these  q^  for  various  sensors.  They  have  found  that  the  following 
representation  gives  good  results: 


q 


j 


expfp^ 


-  1)/K  ) 
s 


where  the  depend  on  "he  spectrum  being  used  and  the  type  of 
object  being  viewed. 

Values  for  the  K.  .  determined  by  the  Honeywell  research, 
s 

are  found  in  Table  4.  An  example  showing  the  use  of  that  table 
follows . 

Sunpose  that  a  regular  camera  and  an  IR  line  scanner  ootii 
produce  film  containing  images  of  the  same  tank  (tracked  vehicle)  . 
Further  suppose  that  the  probabilities  of  detect'  ..  or  the  camera 
and  Itt  are  .2  and  .3  respectively.  Also  assume  that  the  proua- 
bllit.  es  of  recognition  and  ident  1  f ication  for  each  sensor  are  zero. 
Then  the  combined  probability  of  detection  due  io  independent 
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looks  is: 


The  coefficients  are  multiplied  by  ,01  when  read  into  the  computer. 

Non-zero  values  for  MTI  apply  only  when  ole  lents  a  e  moving  a*  speeds  above  minimum  detectable  thresholds. 
FORMAT  (1216) 


1  -  (1  -  . 2) (1  -  .3) 
.44 


P 


i 


From  Table  4,  =  .4  (detection,  photo,  tracked  vehicle) 

ar.d  K2  =  .3  (detection,  IR,  tracked  vehicle).  Then 


qx  =  exp(2( .2  -  1.0)/. 4) 

=  .0183 

and 

q2  =  e>:p(2t.3  -  1.0)/. 3) 

*  .0094 

So , 

Q  =  (1  -  .0183) (1  -  .0094) 

«  ,9725  . 

Then,  the  combined  probability  of  detection  due  to  both  independent 
looks  and  multispectral  enhancement  is 


P  -  1  -  (.56) (.9725) 

m 

=  .46 


This  is  .26  better  than  the  camera  alone,  and  .16  better 
than  the  IR  sensor  alone,  ibout  10  percent  of  this  improvement 
came  from  the  synergistic  effect  of  having  two  sensors  employing 
different,  spectra;  the  rest  came  from  the  independent  looks 
aspect  of  having  two  sensor.,  view  the  same  object . 

In  general,  the  independent  look  aspect  of  mult isensor 
viewing  is  more  complicated  than  in  the  above  example.  This  is 
because  ail  three  levels  of  viewing  (detection,  recog  lion,  and 
identification)  must  be  considered  at  the  same  time.  By  way  of 
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illustration,  consider  the  exanple  of  two  sensors  each  looking 
at  the  sam  100  objects,  yielding  the  results  shown  below. 


Sensor  1 

Sensor  2 

Detected 

40 

25 

Recognized 

20 

15 

Identified 

20 

10 

Total  seen 

80 

50 

Not  seen 

20 

50 

Applying  the  formula  for  independent  looks,  one  would  expect  that 
a  total  of  SO  of  these  100  objects  would  be  seen  by  at  least  one 
of  these  two  sensors  ’od  that  there  would  then  be  40  objects  seen 
by  both  sensors .  One  would  now  ask  how  are  those  40  common  ob¬ 
jects  allocated  among  the  nine  possible  common-pairs  (e.g.,  rec¬ 
ognized  by  sensor  1  and  also  identified  by  sensor  2)? 

* 

Recalling  the  independent  nature  of  the  two  sensors,  one 
would  expect  the  20  objects  identified  by  sensor  1  to  be  allocated 
as  follows. 


Detected 
Recognized 
Identified 
Total  seen 
Not  seen 


*  This  independence  assumes  that  the  objee,  detected  by  one  sensor 
will  bo  distributed  among  detections,  recognitions,  identifica¬ 
tions  and  not  seen  for  the  second  sensor  in  the  same  proportions 
as  the  100  objects  were  distributed  hy  that  second  ^ensor. 
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Similarly,  the  allocation  of  the  objects  recognized  and  de¬ 


tected  by  sensor  1  can  be  determined.  This  Is  summarized  In 
Table  5  below. 


Table  5 


CORRELATION  Or  SIGHTINGS 


Sensor  2 

Sensor  1 

Detected 

Recognized 

Identified 

Not  Seen 

Total 

Detected 

10 

5 

5 

5 

25 

Recognized 

6 

3 

3 

3 

15 

Identified 

4 

2 

2 

2 

10 

Not  seen 

20 

10 

10 

10 

_50 

Total 

40 

20 

20 

20 

100 

This  indicates  that  of  the  10  objects  identified  by  sensor  2, 
two  were  identified  By  sensor  1,  two  were  recognized  by  sensor  1, 
four  were  detected  by  sensor  1,  and  two  were  not  seen  by  sensor  1. 
Since  only  two  of  the  20  objects  identified  by  sensor  1  were  also 
identified  by  sensor  2,  there  \  ere  a  total  of  28  different  objects 
identified  by  at  least  one  sensor. 

In  determining  the  number  of  objects  recognized  (but  not 
identified)  by  at  least  one  sensor,  one  must  be  sure  to  exclude 
those  objects  that  were  identified  by  either  sensor.  By  doing 
this,  one  can  count  2~  objects  whose  highest  level  of  sighting  is 
recognition  by  at  least  one  sensor.  Similarly,  one  can  count 
35  different  objects  whose  highest  level  is  detection.  This 
accounts  for  all  90  objects  expected  to  be  seen  by  at  least  one 
sensor . 
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These  tue  values  (OMD  *  35,  OMR  ■  27,  OMI  *  28)  could  have 
been  calculated  by  applying  the  formulas: 

Oil  ■  Oil  +  021  -  011*021 

OMR  a  01R*(1  -  021)  +  02R*(1  -  Oil)  -  01R*02R 

OMD  a  01D*(1  -  02R  -  021)  +  02D*(1  -  01R  -  01 D  -  01D*02D 

where  O  refers  to  object;  M  refers  to  the  multisensor  system;  1 
refers  to  sensor  1;  2  refers  to  sensor  3;  and  D,  R,  and  I  refer 
to  detection,  reerognition ,  and  Identification,  respectively. 

By  considering  cumulative  objects  (i.e.,  objects  identified 
are  also  considered  recognized  and  detected;  objects  recognized 
are  also  considered  detected)  and  making  the  following  substitu¬ 
tions: 


01D'  =  01D  +  Oil 

01R'  a  01R  +011 

and  similarly  for  sensor  2,  the  above  formulas  reduce  to: 

OMI  =  1  -  11  -  01I)(1  -  021) 

OMR  =  1  -  (1  -  01R ' ) (1  02R' )  -  OMI 

OKS)  =  i  -  (1  -  OiD'Xl  -  02D' )  -  OMR  -  OMI 

In  CRESS-A,  these  formulas  were  not  used  in  determining  the 
number  of  objects  seen  by  the  multisensor  combination  because  of 
the  Increased  realism  introduced  by  allying  stochastic  variations 
in  the  allocation  of  objects  baaed  on  drawings  from  upper  geo¬ 
metric  distributions.  (Note  that  the  above  example  was  discussed 

xn  terms  of  expected  values  for  purposes  of  exposition.) 
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The  multiseneor  probabilities  however,  were  calculated  by 
using  the  formulas  indicated  and  substituting  the -probabil ’ * ies  of 
the  individual  sensors  for  the  numbers  of  objects  used  above, 
since  the  probabilities  are  not  modified  by  stochastic  variations. 

It  is  stressed  that  these  formulas  apply  only  to  the  inde¬ 
pendent  look  aspect  of  multispectral  viewing.  The  additional 
objects  seen  because  of  synergistic  ef*«ct3  still  need  to  be 
determined.  It  is  possible  simply  to  uraw  random  numbers  against 
the  combined  probabilities,  but  this  is  not  an  optimal  procedure 
because  the  random  number  draws  of  the  individual  sensors  might 
have  been  below  the  mean  while  the  draws  of  the  combined  system 
might  have  been  above  the  mean.  This  would  simulate  a  synergistic 
enhancement  larger  than  appropriate.  The  situation  might  also  be 
reversed,  in  which  case,  there  might  be  no  synergistic  enhance¬ 
ment.  Therefore,  an  appropriate  differential  probability  repre¬ 
senting  the  synergistic  enhancement  is  used  to  determine  if  any 
of  the  objects  not  yet  detected  by  any  sensor  might  be  detected 
because  of  that  differential  probability.  That  appropriate 

differential  probability,  P  ,  is,  for  a  given  level  of  sighting: 

s 


where  r  ,  P , ,  and  Q  retain  their  earlier  definitions, 
m  i 

Random  numbers  are  drawn  and  compared  with  this  0  for  those 

s 

objects  not  seen  by  independen  looks.  Any  resulting  objects 
are  added  to  the  objects  see  by  the  independent  looks  to  determine 
the  total  number  of  objects  seen  by  a  particular  system  of  sensors. 

A  new  way  of  looking  at  the  set  of  objects  available  for 
viewing  by  the  system  of  sensors  has  been  developed  in  CRESS. 


39 


Sine*  some  sensors  can  penetrate  masking  that  ia  opaque  to  other 
sensors,  a  method  was  devised  to  divide  the  objects  in  a  given 
tArget  into  several  nonovei  apping  groups .  The  most  frequent 
situation  is  as  follows:  one  group  contains  those  objects  that 
may  be  seen  by  all  sensors;  another  contains  those  that  may  be  seen 
only  by  radar  and  IR  sensors  (both  types  sense  through  camouflage 
nets)  .  Yet  another  contains  those  objects  that  may  be  seen  only 
by  IR  sensors  (IR  has  some  capability  through  foliage) . 

After  these  groups  have  been  formed,  they  are  each  reduced 
in  size  by  line-of- sight  considerations  for  the  appropriate  group; 
those  objects  that  are  masked  and  are  not  considered  any  further. 

Each  of  these  groups  is  processed  for  multisensor  viewing  as 
appropriate.  In  the  first  group,  enhancement  may  come  from  all 
sensors;  in  the  second,  only  from  radar  and  IR;  and  in  the  third, 
no  enhancement  is  possible  since  only  one  class  of  sensor  may  view 
those  objects.  Finally,  the  objects  seen  from  all  three  groups 
by  the  multisensor  combination  are  added  and  reported  together. 
Similarly,  the  multisensor  probabilities  reported  are  weighted 
averages  of  the  probabilities  derived  for  each  of  these  three 
groups . 

Pertinent  subroutines  are  PROCES,  BRGRD ,  OBJSET,  and  MULTI. 

9 .  Target  Aggregation 

Once  items  of  military  significance  have  been  detected,  it 
might  be  of  interest  to  identify  those  items  that  are  part  of  a 
larger  group  of  items.  For  example,  it  might  be  helpful  to  an 
intelligence  team  to  recognize  that  several  groups  of  trucks  and 
APCs  sighted  at  different  locations  are  all  part  of  the  same  bat¬ 
talion.  While  it  would  be  unrealistic  for  a  simulation  to  state 
unequivocally  that  certain  targets  are  part  of  the  same  battalion, 
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a  step  In  that  direction  cf->  be  taken  legitimately  by  Indicating 
which  elements  are  close  er  >ugh  to  each  other  possibly  to  be  in 
tne  same  battalion. 

This  model  piovides  for  the  aggregation  of  reported  target 

elements  within  each  of  five  different  radii.  For  any  radius 

selec  ed,  the  program  looks  at  a  reported  group  of  target  elements 

and  reports  all  reported  groups  of  target  elements  that  are  within 

that  distance  (the  radius  of  interest)  of  the  first  group.  This 

group  of  target  elements  is  called  a  cluster.  It  then  does  the 

same  for  another  reported  target  element  group,  and  so  on  until 

* 

all  reported  target  element  groups  nave  been  so  treated.  This 
process  is  then  repeated  for  each  radius  cf  interest. 

Only  those  targets  noted  in  the  Intelligence  Copy  are  con¬ 
sidered.  The  basis  for  deciding  whethe •  a  pair  of  targets  is 
within  the  required  distance  of  each  other  is  their  reported 
position,  which  may  differ  from  the  actual  position  oecause  of 
navigation  or  map  errors. 

The  intellige:  e  team  may  then  take  this  mechanical  grouping 
of  targe  s  and  determine — on  the  oasis  of  target  content,  know¬ 
ledge  of  the  enemy,  and  the  state  of  battle — whic'  groupings  have 
military  significance. 

Pertinent  subroutines  are  AREA  and  AREAOP. 

10 .  Timeliness  Factors 

The  target  reports  included  on  the  Intelligence  Copy  are 
sequenced  ir.  order  of  their  simulated  arrival  at  an  intelligence 


*  A  target  may  be  reported  within  more  than  one  cluster.  However, 
if  one  cluster  is  completely  indue  -'d  within  a  more  populous 
cluster  of  the  same  radius,  the  sma.ier  cluster  is  not  reported. 
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canter.  If  the  data  processing  begins  after  the  platform  returns 
to  base,  the  arrival  time  of  the  data  is  calculated  follows: 

Arrival  time  «  time  of  landing  +  preliminary  handling  time  + 
time  required  to  process  all  imagery  from 
flight  +  hard  copy  handling  time  +  image 
interpretation  time  +  report  delivery  time. 

If  the  data  are  transmitted  in  real  time  from  the  platform, 
the  arrival  time  is  reduced: 

Arrival  time  =  time  of  target  overflight  +  uata  transmission 
time  +  time  required  to  process  imagery  taken 
to  that  point  +  hard  copy  handling  time  +  image 
interpretation  time  +  report  delivery  time. 

All  of  the  delay  times  are  dependent  on  the  sensor  being 
employed.  The  image  interpretation  and  report  delivery  times 
used  are  drawn  from  normal  distributions  whose  means  and  stand¬ 
ard  deviations  are  specified  by  the  user. 

The  pertinent  subroutine  is  RPTTYM. 

11.  Enhancement  of  the  Probability  of  Detection 

Prior  information  may  indicate  that,  a  target  is  in  a  speciiied 
area  (e.g.,  a  SIG'iNT  report  indicut.es  the  position  of  a  surface-to- 
air  missile  unit,  hut  with  a  two  km  CEP  location  inaccuracy).  If 
an  image  interpreter  is  directed  to  search  the  film  from  a  photo 
reconnaissance  mission  covering  the  Indicated  area.  Ref.  1  indi¬ 
cates  that  his  probability  of  detecting  the  target  will  be  greater 
than  if  he  were  searching  the  same  imagery  without  the  prior 
inform?.*  ion . 

Each  of  the  sensor  models  includes  a  curve  representing  an 
"average”  interpreter's  probability  of  detecting  an  object  being 
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processed  under  "normal"  conditions  for  processing  imagery.  If 
the  enhancement  option  i£  selected  in  CRESS -A,  an  enhancement 
increment  E  i»  added  to  the  orobability  of  detection  calculated  in 
the  appropriate  sensor  model. 

The  rationale  used  ip  CRESS-A  for  the  determination  of  E 

is  similar  to  that  for  calculating  misrecognit *->r»  and  misidenti- 

fication.  It  is  assumed  tha*  the  interpreter's  performance  will 

Vw.y  mo.^i  when  conditions  are  such  that  he  would  normally  have  a 

.5  probability  of  detection  (i.e.,  is  a  maximum,  E  ,  when 

111 

P  -  5)  It  is  aiso  assumed  that  no  enhancement  occurs  when  PJ 

d  d 

is  already  at  its  maximum  vaicQ  or  when  <_ond  ion*.  are  so  poor 

that  P,  =  0.  It  is  further  assumed  that  the  enhancement  incre- 
d 

ment  E  varies  linearly  between  P ,  =  0  and  PJ  =  .5,  and  also  between 

d  d 

P^  =  .5  ana  =  1 .  Hence,  *  cun  be  depicted  as  the  two  line 
segments  illustrated  below, 


\ 


■,w 


an a  l  so  t  x pro ssed 


E  = 


m  cl 


2  E  (1  -  P  ) 

in  <i 


pd  c  5 


P.  >  .5 
d 


where  En.  is  a  user  supplied  value . 
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If  tbs  enhancement  option  is  selected,  P,  is  replaced  by 

a 

P.  i  I  And  this  enhanced  probability  of  detection  is  used  in 

u 

deten<inin,T  the  number  of  objects  detected. 

The  assumptions  were  made  in  the  absence  of  any  known 
experimental  determination  of  the  enhancement  increment.  Experi¬ 
mental  research  is  needed  to  find  toe  enhancement  increment  as 
a  function  the  probability  of  detection. 

The  pertinent  subroutine  is  PriOCEf . 
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The  Ground  Model,  CRESS -G 


1.  General 

CRESS-G  is  the  portion  of  CRESS  that  simulates  R&S  per¬ 
formed  from  OPs,  fixed  elevated  platforms,  and  patrols.  This 
is  accomplished  by  having  the  computer  portion  of  the  model 
prestore  all  the  information  generated  by  the  manual  work  phase 
of  the  simulation  and  operate  on  chis  information  to  calculate 
the  performance  of  each  sensor  in  each  OP  when  attempting  to 
sight  all  the  targets  within  the  OP's  field  of  view.  It  should 
be  emphasized  that  the  model  performs  this  task  in  such  a  way 
that  it  is  a  simulation  of  the  set  of  sensors  in  an  OP  versus 
a  target  and  not  a  set  of  independent  simulations  of  the  sensors 
in  the  OP  versus  a  target.  The  following  discussion  is  a  des¬ 
cription  of  how  the  computer  model  simulates  R  & S  activity  and 
provides  for  equipment  failures,  attrition,  mis identification 
and  misrecognition  of  target  elements,  false  targets,  combined 
sensors  (multisensoring) ,  terrain  masking,  camouflage,  target 
Information  received  over  time,  report  criteria,  and  time 
ordering  of  reports . 

It  is  helpful  to  understand  the  order  of  processing  before 
examining  the  various  stages  of  which  processing  consists. 

This  order  is  as  follows: 

a.  CRESS-G  processes  GP  by  OP 

b.  Each  OP  is  processed  target  by  target 

c.  Targets  are  processed  object  by  object 
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d.  Objects  are  processed  sensor  by  sensor  and  then  by 
multisensoring 

e.  A  control  copy  Indicating  sighting  probabilities  and 
objects  sighted  is  written  after  each  target  is  pro¬ 
cessed 

f.  After  processing  all  targets  covered  by  an  CP,  false 
targets  are  generated,  for  which  a  control  copy  is 

i  Iso  written  out 

g.  After  all  OPs  are  processed,  the  reports  to  the  intel¬ 
ligence  center  are  time  ordered  and  printed 

The  oraer  and  stages  ir.  processing  ere  given  in  some  de¬ 
tail  in  the  flow  chart  below. 


CRESS -G  CGMPUTER  MODEL  FLOW  CHART 


© 
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1  Read  observation  post  variables  (designation,  valid 

i 

j  time,  attrition  probability,  link  type,  sensor  types). 

For  each  OP/TGT  card  do  through  0 
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Rtad  OP/TGT  card  (OP  designation,  OP  coordinates,  tar¬ 
get  designation,  line-of -sight  probability). 
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No 


Set  object  parameters  (dimensions,  reflectivities, 
emissivities,  temperature,  misrecognltlon  and  mla- 
identif ication  probabilities). 
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|  Determine  enhanced  detection  probability  due  to  sig- 
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(identified,  mlsrecognized,  misidentif led,  and  the 
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0 
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2.  Main  Program 

The  routine  CRESSG  in  the  main  program  and  serves  to  call 
the  three  main  subroutines.,  SCENIN,  PROCES ,  NTLGNT,  that  per¬ 
form  tne  various  operat .ons  required  for  ground  reconnaissance 
simulation. 

After  readying  the  oisk  for  storage  o'  information  (sub¬ 
routine  REYDSK),  most  of  the  data  are  read  in  through  calling 
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SCENIN  (SCENario  INput  data) .  Then  all  of  the  targets  that 
eaci  OP  can  possibly  view  ere  operated  on  by  calling  .PROCES 
{PROCESS  data),  which  determines  what  is  sighted  and  writes 
out  a  control  copy  listing  sighting  probabilities  and  objects 
sighted.  When  the  targets  for  all  OPs  have  been  processed, 
NTLGNT  (Intelligence  output  data)  is  called  tn  write  out 
sighting  reports  froa  the  OPs  in  a  tiae -ordered  sequence. 

If  it  is  remembered  that  PROCES  is  performed  for  each 
OP/TGT  coabination,  the  aodel,  although  long,  is  sequential. 

The  following  discussion  follows  this  sequential  line,  with 
aost  topics  discussed  in  order  of  occurence.  Many  of  the  opera¬ 
tions  in  the  ground  aodel  are  accomplished  in  the  same  manner 
as  in  CRESS-A.  When  this  is  the  case,  the  Aerial  Model  is 
referenced,  and  very  little  discussion  i3  included  herein. 

Figure  4  contains  a  list  of  alt  subroutines  used  and  a  notation 
indicating  whether  the  routine  is  the  same  as  for  CRESS-A. 

3 ,  Scenario  Data  Input  (SCEN IN) 

After  RDYDSK  has  opened  four  files  on  disk  in  which  to 
store  the  results  of  processing  OP/TGT  combinations  for  later 
printing,  SCENIN  is  called  to  read  in  the  scenario  data.  Data 
input  in  discussed  in  detail  in  Data  Preparation,  Section  HE, 
of  this  handbook. 

SCENIN  first  calls  subroutine  RPTSET  (ReForT  switches  SET) 
which  sets  switches  determining  the  criteria  to  be  used  for 
making  decisions  on  whether  groups  of  sighted  elements  are  to 
be  reported  on  the  Intelligence  Copy.  The  routine  is  the  same 
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very  nearly  the  same  as  in  CRESS-A. 
Fig.  4  CRESS -G  SUBROUTINE  LINKAGE 
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a 8  for  CRESS-A.  The  settings  on  the  report  switches  indicate 
whether  any  of  the  following  criteria  are  being  utilized: 

•  Threshold  number  of  objects  detected,  recognized, 
and  identified 

•  Threshold  number  of  special  objects  detected,  re¬ 
cognized,  and  identified 

•  Threshold  percent  of  objects  present  detected,  re¬ 
cognized,  and  identified. 

The  creation  of  groups  of  objects  that  delineate  the  set 
of  objects  into  which  each  object  may  be  misrecognized  or  mis- 
identified  is  next  accomplished  by  subroutine  MISGRP  (MIS- 
GRouPing)  in  the  same  manner  as  CRESS-A.  The  objects  that  each 
target  contains  are  read  in,  personnel  are  divided  into  per¬ 
sonnel  in  different  kinds  of  stances  (standing,  prone,  foxhole, 
or  slit  trench),  and  the  number  of  camouflage  nets  of  various 
types  is  determined.  This  is  accomplished  in  TAROBJ  (TARget 
OBJects),  again  the  same  as  for  CRESS-A. 

SCENIN  uses  subroutine  TGTVAR  (TARget  VARiabies'  to  read 
in  those  target  vari.  bie  parameters  needed  by  the  ground  model 
(designation,  location,  initial  ana  final  valid  times,  speed, 
percent  of  objects  other  than  personnel  under  nets,  background 
type).  Subroutine  OPVAR  (OP  VARiables)  reads  in  the  OP  desig¬ 
nation,  location,  initial  and  final  valid  times,  link  ' ype, 
sensor  types,  and  probability  of  attrition  by  the  enemy. 
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4.  Processing  of  OP/TGT  Combinations 

Once  the  scenario  data  are  read  in,  the  model  begins  to 
process  this  information  by  reading  in  an  OP/TGT  card  (OP  desig¬ 
nation,  OP  coordinates,  target  designation,  probability  of  line 
of  signt  between  OP  end  target,  OP  height  above  ground  if  ele¬ 
vated,  and  the  time  that  the  OP  is  at  this  location  if  the  OP 
is  a  patrol). 

5.  OP  Attrition  (OPATRT) 

The  first  operation  performed  is  to  determine  stochasti¬ 
cally  if  the  OP  is  attrited  by  enemy  action,  based  on  this 
Op’s  probability  of  attrition.  If  so,  the  time  of  attrition 
is  set  equal  to  some  time  between  the  OP  initial  and  final 
valid  times  in  a  random  manner,  and  this  tire  is  stored  on  disk 
for  reporting.  Time  storage  will  subsequently  be  discussed  in 
conjunction  with  the  KPTTM  routine, 

6.  Sensor  and  Link  Failures  (GPFAIL) 

The  times  to  ne^t  failure  for  the  sensors  and  link  are 
then  determined.  This  is  accomplished  by  using  the  MTBF,  and 
a  Pcisson  distribution,  on  the  assumption  that  the  expected 
time  to  next  faiimt  independent  of  the  point  from  which 
time  is  being  measure. .  A  complete  discussion  of  the  formulas 
used  ■*  s  included  in  CRESS -A  •  FLUME) . 

The  time  when  ti„^  ser-.u.s  a«d  links  again  become  operative 
are  calculated  by  drawing  a  random  numbc*  from  a  normal  dis¬ 
tribution  with  a  mean  equal  to  the  mean  down  time  added  to  the 


failure  tine  and  a  standard  deviation  of  down  tine  given  by 
the  user.  This  normal  distribution  draw  is  accomplished  in 
NORM,  which  is  identical  to  CRSSS-A  (NORM).  Any  of  the  link 
and  sensor  down  tines  and  up  times  that  are  less  than  the  final 
valid  tine  of  the  OP  (or  less  than  the  attrition  time  if  appli¬ 
cable)  are  stored  away  for  reporting. 

If  a  link  failure  occurs  during  the  time  that  the  CP  is 
to  be  operating,  the  time  at  which  the  link  again  oecosaes  opera¬ 
tive  is  set  equal  to  the  minimum  of  the  calculated  link  up 
time  or  fhe  final  valid  tine  of  the  OP. 

7,  Timing  Calculation  (CALTIM) 

With  th a  information  on  attrition  and  failures  now  availa¬ 
ble,  the  model  then  determines  the  earliest  time  that  the  sen- 
:  s  are  able  to  see  the  target  (called  th?  "''ontact''  time). 

This  will  normally  be  the  initial  valid  time  of  the  OP  or  the 
ini'.ial  valid  time  of  the  target,  whichever  is  the  time  when 
both  he  OP  and  target  become  valid.  If  the  °  is  no  overlap 
in  the  times  and  the  OP  and  target  are  valid,  again  considering 
attrition  times,  the  OP/TGT  card  is  not  processed  further,  and 
control  is  returned  to  the  beginning  of  PROCES  where  a  new 
OP/TGT  combination  is  read. 

Given  the  possibility  of  contact,  a  lost  contact  time  is 
determined  equal  to  the  last  time  at  which  both  the  CP  and  tar¬ 
get  are  va.  i .  In  the  case  of  patrols,  it  is  assumed  that  the 
contact  occurs  while  the  patrol  is  moving,  and  thus  the  contact 
time  is  the  last  contact  time  also.  Since  the  ramifications  of 
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a  sensor  failure  ere  considered,  there  are  a  total  of  tour 
possible  sensor  report  t lees :  contact,  lost  coatact  due  to 
sensor  failure,  regained  coatact,  and  lost  contact,  although 
the  sensor  say  not  Bake  coatact  nt  all  because  of  a  failure. 

In  addition  to  the  coatact  tine  already  calculated,  two 
■ore  report  tines  are  determined  at  increments  of  tine  (speci¬ 
fied  by  the  user)  beyond  the  first  contact  tine.  This  second 
and  third  look  capability  will  be  discussed  when  the  probabili¬ 
ties  of  detc-ting  at  these  tines  are  explained. 

If  a  sensor  failure  occurs  before  the  three  looks  have 
taken  placo,  the  third  or  second  and  third  iooxs  are  assumed 
to  take  place  at  the  :  cified  increments  of  .iae  beyond  the  time 
the  sensor  c*n-.  at ion  is  restored  instead  of  beyond  the  first 
look  tine.  Of  course,  the  c  ,-aputer  checks  to  be  sure  the  sensor 
na<-  rot  lost  contact  permanently  before  these  second  and  third 
7.o c  ;s < 

‘  ‘  ^^stf'Qce.  Maximum  Range,  and  Background 

if  contact  is  made,  the  model  then  begins  to  determine 
the  ‘•’••n  ver  ci  objects  seen  by  setting  the  distance  between  the 
C>r  and  ax-get ,  This  is  normally  the  difference  between  the 
two  respective  coordinate  locations,  but  when  the  OF  is  elevated, 
the  sighting  distance  is  increased  to  account  for  this  eleva¬ 
tion  .  Also,  elevated  OPs  require  checking  to  determine  if  rue 
maximum  range  is  limited  by  the  field  of  view  of  any  of  the  OP 
(elevated  platform)  sensors,  which  would  often  occur  if  a  sen¬ 
sor  is  pointed  downward.  In  these  cases ,  the  range  is  set 
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«qu*l  tt>  the  height  divided  by  the  npsiae  of  the  vie*  angle  of 
the  Mentor.  If  it  is  desired  that  an  elevated  sensor  have  a 
slewing  capability  and  be  abla  to  see  cut  to  the  horizon,  its 
view  angle  should  be  set  equal  to  90  degrees  when  inputting 
sensor  parameters , 

Next  the  reflect iv  .ties,  emissivicy,  and  teaperature  of 
the  target  background  are  set,  the  latter  depending  or.  whether 
it  is  day  or  night. 

9 .  Object  Processing 

The  node!  now  begins  to  process  e~ch  of  the  object  types 
within  this  target  by  setting  the  reflectivities,  emissivities, 
temperature,  probabilities  of  misrecognitlon  and  mis  identifi¬ 
cation,  and  object  recognition  detection  classes.  The  lengt*' 
and  width  of  the  object  are  set  if  the  OP  is  elevated  Other¬ 
wise  the  vertical  dimension  and  the  average  horizontal  dimen¬ 
sion  are  used. 

•  Number  of  Objects  (OBJ S ET) 

The  OBJSET  routine  determines  now  many  objects  of  the  type 
being  processed  ten  possibly  be  seen.  Objects  actually  present 
are  tested  stochastically  against  the  probability  >f  line  of 
sight  between  the  Of  and  ua.get  to  cl  tain  the  number  of  objects 
for  which  the  CP  has  line  of  slight,  ksk^ng  the  i in e-of -sight 
determination  before  any  sensor  calculations  allows  the  model 
to  simulate  the  group  ct  sensors  in  the  OF  instead  of  indivi¬ 
dual  simulations,  as  is  the  case  in  monels  where  line-of -sight 
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calculations  are  Made  independently.  Tho  CP  simulation  concept 
is  important  in  determining  sultisensor  effects.  The  number 
of  objects  having  line  of  sight  to  the  OP  is  then  used  to  create 
two  groups  of  objects,  those  that  can  be  seen  by  sensors  that 
cannot  see  through  camouflage  not  and  those  that  ca.  be  seen 
by  sensors  relatively  immune  to  camouflage  nets  (radar  and  IR) . 
This  is  accomplished  by  application  of  the  probability  of  camou¬ 
flage  for  nonpersonnel  objects  or  for  personnel  in  different 
stances  (standing,  prone,  and  so  forth). 

11 .  Sensor  Processing 

The  object  ic  now  processed  by  the  first  sensor  in  the  OP. 

If  this  sensor  has  failed,  it  is  skipped  and  the  next  sensor 
is  processed.  The  routine  that  contains  the  mathematical  model 
of  the  type  of  sensor  being  used  is  first  called  to  determine 
the  probabilities  of  detecting,  recognizing  and  identifying 
the  object.  Sensor  model  descriptions  are  given  in  Appendix  B. 

12 .  Number  of  Objects 

After  determining  the  probabilities  ot  sighting,  the  appro¬ 
priate  nuidber  of  objects  is  chosen,  depending  on  whether  the 
sensor  is  IR  or  radar  end  sees  through  nets  or  is  a  type  of 
sensor  against  which  nets  are  effective. 

13.  Detection  Enhancement 

The  probability  of  detection  from  the  sensor  routines  is 
upgraded  by  prior  signal  intelligence  information  in  an  identi¬ 
cal  manner  to  C'tESS-A. 
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14.  Object  Detection  (DETECT,  MISID,  MISRBC) 

Using  the  detection,  recognition,  and  identification  pro¬ 
babilities  and  also  the  average  probabilities  of  misrecognition 
and  Bis identification,  the  number  of  objects  seen  by  the  sensor 
in  these  various  categories  and  the  types  of  objects  into  which 
the  object  may  be  misidentif ied  or  mlsrecognized  is  determined. 
This  is  performed  by  use  of  Monte  Carlo  techniques,  and  the  pro¬ 
cedure  is  described  in  CRESS-A  (DETECT,  MISID,  MISREC).  In  the 
case  of  patrols,  the  probability  of  recognition  and  identifica¬ 
tion  given  detection  was  set  equal  to  100  percent  on  the  assump¬ 
tion  that  the  patrol  lias  the  ability  to  temporarily  change  its 
course  and  discover  in  detail  what  has  been  detected, 

15.  Second  and  Third  Looks 

For  patrols,  no  further  sightings  of  this  target  are  al¬ 
lowed.  For  OPs,  however,  two  more  looks  arc  allowed.  The 
hypothesis  is  that  while  most  of  the  information  on  OP  reports 
concerning  a  target  occurs  at  the  earliest  time,  both  the  OP 
and  target  are  valid  and  other  information  may  still  be  ob¬ 
tained,  albeit  in  greatly  decreasing  amounts,  after  this  initial 
sighting.  Thus,  the  actual  new  informat}  n  received  from  an 
OP  concerning  a  target  might  be  represented  schematically  ag 
follows ; 

Incremental 

In forma i ton 

Receiver! 

Time 

where  the  time  axi  begins  at  the  time  of  first  possible  sighting. 


SO 


R It  3  models  often  use  a  'snapshot'  appro* ch .  This  con¬ 
sists  In  allowing  a  number  of  independent  looks  at  s  target  t.c 
be  taken  at  various  increments  in  tine  ow«r  which  the  OP  can 
possibly  sight  the  target*  The  result  of  this  approach  is  to 
enhance  greatly  tho  probabilities  of  detecting,  recognizing, 
and  identifying  objects  in  the  target.  For  example,  if  the 
independent  look  probability  of  detection  is  .3,  four  snapshot 
looks  at  15-minute  increments  result  in  a  cumulative  probability 
of  detection  of: 

P  =  1-(1-. 5)4  -  .94 
CD 

CRESS-G  nakes  a  rough  approximation  of  the  effects  of  being 
able  to  examine  an  area  carefully  and  "look  again"  by  assuming 
that  the  independent  look  probability  of  detection  calculated 
by  the  sensor  routines  and  used  to  determine  objects  detected 
on  the  first  look  represents  a  large  fraction  (e.g.,  .9)  of 
what  is  to  be  detected  of  the  target  by  this  sensor  over  an 
extended  time.  It  is  assumed  that  the  amount  of  additional 
information  acquired  during  this  extended  time  will  be  exponen¬ 
tially  decreasing.  The  increment  of  time  between  successive 
looks  should  be  chosen  so  that  one  half  of  the  remaining  infor¬ 
mation  is  likely  to  be  acquirer’  in  that  time  increment  (i.e., 
the  increment  represents  the  "half-life"  of  the  information 
not  yet  reported). 

Degraded  probabilities  of  detection  are  calculated  fer  the 
second  and  third  looks  as  follows: 


if  is  leas  thar  F,  or 

d,2  =  ia.o-D^ 


if  is  greater,  a ad 


D 


3 


■  V2 


where  D 


1 


first  look  probability  of  detection  (independent 
lock  c'obability  of  detection). 


D  =  second  look  probability  of  detection. 

4m 

D  =  third  look  probability  of  detection. 

F  =  fraction  of  total  detection  probability  occurtng  o.' 
the  first  look  (user  supplied). 


Thus,  fc.  a  D  of  .5  and  a  typical  F  of  .9,  D  would  equal  .025 
1  2 

and  D  .0125. 

4# 

In  this  manner,  the  second  look  accounts  for  one-half  of 
what  remains  to  be  detected  after  the  first  look,  and  the  third 
look  accounts  for  one-half  of  what  remains  to  be  sighted  after 
the  second  look.  Thus,  the  diagram  that  the  model  uses  fc 
information  received  is  schematically  represented  by  the  three 
blocks  of  information  below. 


Incremental 
Information 
Received  from 
OP 


t 

First 


Second  Third 

Look  Look 


— Time 


Look 
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Using  the  reduced  probabilities  of  detection,  but  the  *aae 
probabilities  of  recognition  and  identification,  the  DST9CT, 

MIS ID,  and  MISR£C  routines  are  used  twice  more  to  calculate  how 
many  of  the  objects  yet  to  be  sighted  are  detected,  recognised, 
identified,  mis recognized,  and  nis identified. 

16 .  Sensor  Looping 

The  model  now  repeats  all  the  steps  froa  sensor  processing 
down  to  this  point  for  each  nl  the  remaining  sensors  in  the  OP, 
thue  determining  the  sighting  probabilities  and  objects  sighted 
oi  missighted  of  the  particular  object  type  being  processed. 

17.  Multiaensor  Report  Time  and  Probsbillties 

After  all  sensors  have  examined  the  object  being  processed, 
one  multisensor  report  time  is  chosen,  the  third  look  time  of 
the  sensor  chat  sights  the  target  earliest. 

If  no  sensors  have  failed,  the  third  look  cine  would  be 
the  same  for  all  sensors.  However,  sensors  that,  because  of 
a  failure,  do  not  attempt  to  see  the  target  until  «  later  tine 
or  do  not  have  a  second  or  third  look  before  this  multisensor 
time  will  not  be  included  in  multisensoring  or  will  have  only 
a  part  of  their  sightings  included  in  multisensoring. 

The  total  number  of  objects  seen  by  _ _ '•h  sensor  when  the 

multisenscr  report  time  is  reached  is  next  determined,  and  the 
cumulative  probability  of  detection  by  eath  sensor  is  found  by 
summing  the  probabilities  from  the  looks  occuring  on  or  before 
the  multisensor  report  time.  These  quantities  are  ^aed  to 


determine  the  effects,  cumulative  overtime,  of  using  More  than 
one  sensor. 

IS.  False  Target  Objects 

If  the  object  is  seen  by  at  least  one  sensor,  the  object 
is  stored  as  a  possible  false  target  object  and  the  sensors 
that  see  this  object  are  noted;  up  to  a  maxi nun  of  10  objects 
arc  stored.  The  objects  in  each  target  detected  by  the  OP  are 
used  to  create  a  corresponding  possible  false  target  up  to  a 
maximum  of  20  false  target  possibilities  for  cn  OP.  No  false 
targets  are  created  for  patrols,  however,  since  they  are  as- 
suaed  to  investigate  all  sightings. 

19.  Multisensoring  (MULTI) 

The  number  of  ''bjects  detected,  recognized,  and  identified 
by  the  cumulative  effects  of  using  all  sensors  (and  the  corres¬ 
ponding  probabilities)  is  next  determined  in  subroutine  MULTI. 
Two  kinds  of  en  .ancement  occur  when  ttiore  then  one  sensor  is 
used:  (1)  enhancement  because  sensors  may  sight  different  ob¬ 

jects  so  that  the  total  sighted  is  higher  than  the  most  seen 
by  any  one  sensor  and  (2)  enhancement  because  of  the  different 
kinds  of  information  that  are  received  from  sensors  operating 
in  different  rapectral  regions.  A  complete  discussion  of  the 
method  by  which  multisensor  enhancement  is  considered  i_  in¬ 
cluded  in  CRESS-A. 

20.  Object  Looping 

After  completing  the  aultiaensor  calculations,  control  is 
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returned  to  object  proceeding,  and  each  ci  the  target  objects 
Is  processed  in  the  Banner  discussed. 

21.  False  Target  Lock t ion  and  Times 

Aiter  determining  the  performance  of  all  sensors  against 
all  target  objects,  if  any  objects  at  all  have  been  sighted, 
the  target  location  and  target  initial  and  final  valid  timet; 
are  stored  for  use  in  the  generation  of  false  targets. 

22.  T  port  Decision  (RPTDEC) 

The  information  now  calculated  is  sufficient  to  determine 
if  the  numbers  and  types  of  objects  seen  are  sufficient  to  meet 
the  report  decision  criteria  (set  previously  in  RPTSET) .  Report 
decisions  are  made  for  each  individual  sens or  and  for  muiii- 
sensoring  using  methodology  that  is  identical  to  that  of  CRESS-A 
(RPTDEC,  SIGHTS,  SPCORJ) . 

23.  Report  Number 

If  any  report  is  to  be  made  on  the  target,  a  unique  report 
number  is  assigned  to  this  target.  Subsequently,  other  OPs 
that  make  reports  concerning  this  target  will  use  the  same  re¬ 
port  number,  and  the  problem  of  collating  reports  by  coordinate 
matching  will  be  eliminated. 

24.  Report  Times  (RPTTM) 

All  report  times  are  stored  on  disk  except  the  attrition 
and  failure  previously  stored.  For  each  sensor,  the  possi¬ 

ble  reports  are  contact,  lost  contact  due  to  sensor  failure, 
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regained  contnct,  and  final  lost  contact;  for  aultisonsoriag, 
there  is  only  a  contact  report. 

fi  a  report  is  to  be  node,  subroutine  11PTTM  is  called. 
Report  tines  are  tine-ordered  in  core  in  increments  of  1000. 
Mien  the  nunber  of  reports  exceeds  1000,  the  first  500  are 
stored  on  disk  and  the  remaining  500  are  time-ordered  with  sub¬ 
sequent  reports  until  another  total  of  1000  is  reached.  This 
same  procedure  is  repeated  as  often  as  is  necessary,  meaning 
that  report  times  will  actually  be  time-ordered  and  stored  in 
groups  of  500  but  that  the  groups  in  total  may  not  be  time- 
ordered.  This  last  step  is  accomplished  in  NTLGNT. 

If  lost  contact  occurs  because  the  OP  reaches  its  final 
valid  tine,  this  kind  of  lost  contact  is  not  reported.  Other 
reasons  (sensor  failure,  OP  attrition,  or  target  movement)  are 
all  reported. 

Stored  along  with  report  time  is  an  i-dex  indicating  which 
sensor  the  report  is  for,  what  kind  of  report  it  is  (e.g.,  lost 
contact),  and  what  OP/'TGT  the  report  concerns. 

25.  Information  Storage  (OPTSTR) 

OPTSTR  is  called  to  s'-'ic  on  disk  information  concerning 
the  OP  and  target  that  will  be  neeued  for  reporting  (designa¬ 
tions,  coordinates,  elevation  of  OP,  distance,  and  link  failure 
switches).  The  information  on  sighting  probabilities  and  ob¬ 
jects  sighted  for  each  sensor  are  stored  in  PR0CES  using  the 
same  index  as  for  the  0P/TGT  information  storage.  This  index 
is  the  one  that  is  stored  along  with  repert  times  to  tell  which 
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QP/TGT  information  e  particular  report  time  is  to  use. 

26.  Control  Copy  (WRYTAL) 

Subroutine  WF.YTAL  is  now  called  to  write  out  a  control 
copy  that  contains  information  not  only  concerning  what  has 
been  detected,  recognized,  identified,  mi  recognized,  and  mis- 
identified,  but  also  whet  the  probabilities  of  correctly  detec¬ 
ting,  recognizing,  and  identifying  target  objects  are  fer  each 
sensor  and  for  mult  is ensuring  and  of  what  the  actual  target  con¬ 
sists.  The  probabilities  printed  out  are  conditioned  on  the 
next  lower  level  of  righting  being  given  (e.g.,  probability  of 
recognition  given  detection).  The  probabilities  listed  include 
the  effects  of  iine-of -sight  probability  but,  except  for  the 
raultisensor,  do  not  include  the  probability  that  objects  are 
camouflaged  by  nets.  Sensor  probabilities  of  detection,  given 
line  of  sight,  can  be  obtained  by  dividing  the  detection  pro¬ 
bability  by  the  probability  of  line  of  sight. 

The  location  accuracy  for  each  sensor  is  determined  for 
the  control  copy  by  subroutines  CEPSIG  and  CEPSNS,  CEPs  are 
determined  by  using  the  standard  deviations  in  range  and  loca¬ 
tion  accuracy  of  the  sensor  to  create  an  error  .'Ilipse  (if  a 
position  location  device  is  used,  its  accuracx  s  should  be  pre¬ 
stored  in  place  ox  the  sensor's!.  This  is  modified  into  a  cir¬ 
cular  error,  and  the  inaccuracies  caused  by  the  error  in  locating 
the  OP  or  petrol  and  by  various  map  inacc>*"dcies  are  considered 
to  create  a  set  of  cumulative  for  the  types  of  maps  that 

can  used. 
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More  inform: ion  and  an  exanple  of  the  control  copy  is 
give n  in  the  Computer  Output  Ground  section  (IIF2)  of  this 
handbook, 

2 7 ,  Looping  on  OP/TGT  Comb inatlons 

The  program  now  rot urns  to  the  point  where  OP/TGT  card 
proceeding  begun,  reads  a  new  OP/TGT  card,  and  processes  the 
new  combination  in  the  manner  just  discussed.  If  the  OP  on 
the  new  OP/TGT  card  is  different  from  the  one  that  has  lusc 
been  processed  and  if  the  previous  OP  saw  any  objects  at  all 
in  any  target  processed,  the  possibility  of  false  targets  Is 
considered  before  continuing  the  processing  of  the  new  OF  TGT 
card, 

28 •  False  Targe ts_  (FLSTGT) 

The  number  cf  false  targets  to  be  venerated  is  determined 
first.  A  false-'arget  prior  probability  is  used  stochastically 
to  find  if  at  least  one  false  target  is  to  be  generated.  The 
number  of  other  fait  targets  to  be  generated  is  set  equal  to 
a  percentage  of  the  total  number  of  targets  in  which  some  ob¬ 
jects  were  seen.  The  user  specifies  the  prior  probability  and 
the  percentage  of  targets  seen  tor  which  false  targets  are  to 
be  created  to  means  no  false  targets  will  be  generated). 

Each  fait'  target  required  is  created  by  drawing  at  random 
from  the  lijfc  of  false  target  object  types  that  was  created 
while  processing  real  targets  for  this  observation  post.  Up 
t  types  out  of  the  false  target  object  type  list, 
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the  number  of  each  type,  and  'be  aensora  that  can  see  thee* 
objects  are  selected  In  tue  sane  manner  aa  for  CRE3S-A  (TLSTCfF). 

Next  the  location  of  the  false  target  la  generated  by 
select  tug  at  randoa  a  target  actually  seen  and  by  placing  the 
false  target  somewhere  at  randoa  along  the  arc  shown  below: 

Beal  Target 

Possible  false 
target  locations 

where  Q-  view  angle  that  the  OP  uses.  Locations  are  selected 
in  the  vicinity  of  tar-jets  actually  seen  in  an  attempt  to  avoid 
placing  false  targets  in  locations  where  terrain  masking  was 
present . 

The  initial  and  final  valid  times  used  are  these  of  the 
real  target  near  which  the  false  target  i3  placed,  rather  than 
random  times  that  might  be  too  conspicuous  (many  scenario 
writers  use  thn  same  initial  and  final  valid  times  for  many 
targets).  The  various  +  i-.es  of  sighting  and  lost  contact  are 
found  by  calling  CALTIM.  ’ust  as  for  an  actual  target. 

Then  the  false  target  report  times  and  object  sightings 
are  stored  its  the  same  manner  as  for  real  targets.  Muitisensor- 
ir.g  is  assumed  to  generate  the  same  number  of  an  object  type 
that  the  sensors  that  sight  that  object  see  (i.e.,  a  "  iistant 
number  of  objects  is  sighted  by  each  sighting  sense  and  by 
multisensortng) . 
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The  output  on  the  Control  Copy  uses  the  target  designation 
"njSK."  Since  only  objects  sighted  are  reported  and  no  pro¬ 
babilities  are  given,  these  reports  are  oasily  distinguished 
on  the  Control  Copy,  but  reports  to  intelligence  are  designed 
tc  '■>«  indistinguishable  from  real  targets. 

29.  OP/TGT  Looping  Continued 

After  generating  false  targets,  the  model  begins  to  pro¬ 
cess  the  OP/TGT  card  that  relates  to  the  new  OP.  This  iproce- 
dure  of  operating  eft  OP/TGT  cards  and  genorating  false  targets 
when  a  new  OP  begins  to  be  processed  continues  until  the  last 
OP/TGT  combination  has  beeD  examined.  Fal3e  targets,  if  any, 
are  generated  for  the  last  OF  before  writing  the  Intelligence 
Copy, 

30 .  Intelligence  Reporting  (HTLGNT) 

Control  now  is  passed  to  the  NTLGNT  subroutine,  where  all 
reports  that  have  teen  stored  away  are  written  out  in  a  time- 
ordered  manner.  A  discission  of  these  reports  and  typical 
examples  are  included  in  Section  I1F2  of  this  report. 
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D. 


The  SIGINT  Model,  CRESS-8 


1.  Overview  of  the  Logics!  Flow 

Afte  six  decks  of  Input  cards  have  been  prepared,  the 
CRESS- S  simulation  program  Is  ready  for  execution.  The  pur¬ 
pose  of  this  program  Is  to  provide  the  computational  functions 
whose  logical  Information  flow  is  shown  In  Fig.  5.  This  flow 
diagram  shows  that  the  data  are  read  in  emitter  by  emitter, 
target  by  target,  and  detectability,  location,  and  identifica¬ 
tion  calculations  are  made  for  all  appropriate  sensors  for  each 
emitter  in  the  target.  The  Control  Copy  output  is  printed  on 
line. 

The  flow  diagram  summary  for  the  propagation  calculations 
is  shown  in  Fig.  6.  In  this  portion  of  the  simulation,  the  pro¬ 
pagation  mode,  path  classification,  terrain  clearance  height, 
and  emitter  detectability  are  determined. 

In  Fig.  5,  there  is  a  decision  block  labeled  "up  ?. "  In 
this  portion  of  the  routine  when  a  new  emitter  is  input,  a  ran¬ 
dom  number  is  selected  and  compared  with  the  preassigned  emitter 
activity  factor.  If  the  emitter  is  determined  to  be  down,  the 
next  emitter  is  read  in.  If  the  emitter  is  determined  to  be  up, 
a  Iiearability  calculation  is  made  for  all  appropriate  sensor 
sites.  The  option  card  can  force  all  the  emitters  to  be  up, 
thus  the  program  can  easily  make  a  hearability  calculation  on 
all  emitters  to  all  appropriate  sensor  sites. 

2.  Detailed  Flow  and  Computations 

After  deciding  on  tne  scenario  anci  deploying  the  targets  and 
sensors,  data  cards  are  punched  describing  the  targets  (Figs.  7 
and  8),  the  emitter  types  (Figs.  9  and  10)  and  the  sensors  (Figs. 
11  and  12).  The  target  and  sensor  cards  (with  the  HELP  Starter 
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SIGINT  SENSOR  CARD  FORM 


Card  In  Fig.  13)  are  then  Input  to  prograa  HELP,  which  examine* 
all  possible  emit ter- sensor  combinations  for  compatibility  In 
frequency  ranges.  It  prints  out  a  tabulation  sheet  (as  shown  in 
ixg.  18  for  use  by  the  data  aides)  containing  the  target-sensor 
paths  to  be  examined.  After  these  sheets  are  filled  in,  cards 
are  keypunched  (Fig. 16)  and  merged  with  the  target  cards.  Pro¬ 
gram  CRESS-S  can  then  be  run  to  produce  the  on-line  generated 
Control  Copy,  followed  by  the  intelligence  copy  which  is  output 
from  storage  on  a  disk  file. 

The  CRESS-S  computer  simulation  is  used  to  model  obstacle 
calculations,  antenna  and  receiver/emitter  characteristics,  sky- 
wave  and  groundwave  attenuation,  detectability,  and  target  loca¬ 
tions.  The  terrain  obstruction,  detection  criteria,  antenna  pat¬ 
tern  characteristics,  and  propagation  equations  are  delineated  in 
Appendix  C.  The  method  of  determining  the  accuracy  of  target  loca¬ 
tion  is  presented  in  SRI  Technical  Note  ORD-TN-5205-15,  "The 
Covariance  of  Position  location." 

The  order  of  data  processing  is  as  follows: 

a.  CRESS-S  processes  target  by  target 

b.  Each  target  is  processed  emitter  by  emitter 

c.  Each  emitter  is  processed  sensor  by  sensor 

d.  A  report  describing  the  activity,  detection, 
and  location  by  one  or  more  sensors  is  written 
on  the  Control  Copy  after  each  emitter  is  pro¬ 
cessed, 

e.  After  all  of  the  targets  have  been  processed, 
the  intelligence  copy  of  detected  emitter  re¬ 
ports  is  output  in  a  pseudo-random  order. 


The  following  How  chnr!  deHcribes  the  attin  pro^rnm  flow 


CHKSS-  S  Computer  Model  Flow  C“i;trt 
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write  Intelligence  Copy  out- 


Tfca  main  routine  CRESS-S  controls  the  program  flow  as  well 
as  nsndling  the  data  input,  in  turn,  it  calls  several  subroutines 
that,  are  described  in  order  of  program  flow. 

After  reading  in  a  path  card,  CRESS-S  calls  two  subroutines 
DISANG,  and  TERRArTRM,  in  order.  The  purpose  of  subroutine 
DISANG  is  to  compute  the  distance  between  a  target  and  sensor  and 
the  bearing  (relative  to  north)  of  the  emitter  from  the  sensor. 

The  required  iniput  consists  of  the  map  coordinates  of  the  target 
and  the  map  coordinates  of  the  sensor.  The  output  consists  of  the 
distance  between  the  target  and  the  sensor  and  the  bearing  of  the 
emitter  from  the  sensor.  The  grid  coordinate  of  the  target  and 
the  sensor  are  converted  to  rectangular  cartesian  coordinates. 

Then  the  azimuthal  angle  is  computed  by  taking  the  arc-tanger.t 
of  the  slope  of  a  line  drawn  between  the  target  and  the  sens-tr 
and  finding  this  angle  relative  to  grid  north.  The  distance  is 
computed  ir  the  usual  way. 


Subroutine  TERRAFIRM  retrieves  the  soil  conductivity  and 
and  dielectric  constants  from  prestored  tables  for  later  use  in 
the  program.  The  inputs  to  this  subroutine  are  the  terrain  area 


number  and  the  terrain  characteristic  number.  The  terrain  area 
number  is  1  if  the  scerario  is  in  Eurepe  or  2  if  it  is  in  South¬ 
east  Asia.  Tables  are  not  currently  available  for  other  parts  of 
the  world.  The  terrain  characteristics  number  describes  the 
terrain  along  the  sensor-target  path  as  one  of  the  following: 

1  =  Fresh  water 

2  =  Cities 

3  ••=  Smooth  earth;  sparse  vegetation 

4  -  Smooth  earth;  moderate  vegetation 

5  a  Smooth  earth;  heavy  vegetation 

6  -  Moderately  rough  earth;  sparse  vegetation 

7  »  Moderately  rough  earth;  moderate  vegetation 

8  =  Moderately  rough  earth;  heavy  vegetation 

9  =  Very  rough  earth;  sparse  vegetation 

10  =  Very  rough  earth;  moderate  vegetation 

11  =  Fresh  water  marsh 

12  =  Seawater 

Aft  'r  reading  the  path  cards  for  a  target  and  calling  the 
three  routines  described  above,  CRKSS-S  determines  whether  each 
emitter  at  the  target  is  operating.  This  is  done  in  subroutine 
UPDOWN,  The  subroutine  first  checks  whetht  -  all  emitters  are 
assumed  to  be  up  (a  flag  set  on  the  option  card)  as  shown  in 
Fig.  14.  If  not,  it  selects  a  random  number  from  a  uniform 
0-1  distribution  fcr  each  emitter.  If  the  random  number  is 
less  than  the  probability  of  up  time  (read  in  on  Target  Card 
Form  B),  the  emitter  is  flagged  up,  otherwise  it  is  flagged 
down  and  no  sensor-emitter  calculations  ere  performed  for  this 
emitter.  Thifj  is  rep»  ited  for  each  emitter  in  the  target 


Next,  subroutine  OBST  calculates  the  effect !ve  radio  line-' 
of~sight  clearance  height  (H)  along  an  emitter/ sen so"  path,  in¬ 
cluding  obstacles.  The  subroutine  requires  the  distance  from  the 
sensor  to  an  obstacle,  the  height  of  the  obstacle,  and  the  height 
of  the  sensors  as  input.  The  output  from  the  subroutine  consists 
of  three  quantities:  H,  D,  and  MOBST.  His  the  maximum  value  of 
the  clearances  for  the  two  recorded  obstacles  (a  maximum  of  two) 
processed  by  the  program.  D  is  the  distance  from  the  sensor  to 
that  obstacle,  and  MOBST  is  an  index  that  is  determined  by  whether 
there  is  a  multiple,  single  or  a  no  obstacle  (line-cf-sight)*  path. 

The  main  subroutine  ATTEN  is  then  called  for  each  emitter- 
sensor  pair.  The  purpose  of  subroutine  ATTEN  is  to  control  the 
steps  of  the  propagation  attenuation  calculation.  Values  of  the 
parameters  for  the  particular  emitter  and  sensor  combination  are 
input.  The  first  step  of  the  attenuation  calculation  is  to  call 
the  transmitting  antenna  loutine.  Subroutine  ANTENA  models  the 
lobes  of  the  antenna.  The  losses  caused  by  the  gain  of  the 
antenna  and  the  aimpoint  of  the  antenna  relative  to  the  emitter 
sensor  path  are  calculated.  If  it  is  a  nonmicrowave  emitter,  the 
calculation  proceeds  directly  to  the  ground  wave  calculation 
(subroutine  GRNWV ) .  However,  if  it  is  a  microwave  emitter,  the 
loss  caused  by  diffraction  by  obstacles  is  calculated.  The  HF 
(nonmicrowave)  groundwave  propagation  calculations  include  he 
effects  of  obstacles,  soil  conduct! vi  ly,  the  dielectric  constants 
of  the  earth,  and  foliage,  on  the  propagation  of  the  radio  waves. 

If  the  frequency  is  between  3MHz  and  30MHz,  the  sky  wave  calcu¬ 
lation  is  performed. 

If  both  the  groundwave  and  skywave  calculations  are  performed, 
the  propagation  mode  with  the  least  attenuation  Is  used  as  the 

The  words  line-of-sight  and  non  line-of-sxght  refer  to 
effective  Radio  LOS.  NLOS,  which  are  different  than  optical 
LOS  due  to  increased  refraction  effects  at  Radio  frequencies. 


85 


dominant  mode.  Subroutine  ANTENA  is  called  again,  this  time  to 
model  the  receiver  and  the  signal-to-noise  ratio  to  be  used  for 
the  hearabillty  test. 

After  an  emitter  has  been  examined  by  all  sensors,  the  loca¬ 
tion  of  the  emitter  is  determined,  if  possible.  If  only  one  sensor 
has  heard  the  signal,  it  is  possible  to  compute  the  direction  of 
the  signal  only.  If  two  or  more  sensors  hoar  a  signal,  those  two 
with  the  highest  received  signal-to-noise  ratios  are  used  in  the 
location  calculation.  Subroutine  LOCATE  requires  as  input  the 
location  of  the  sensor (s),  the  inaccuracy  of  their  direction 
finders,  and  the  target  location.  If  there  is  only  one  sensor, 
the  output  will  be  the  reported  bearing  angle.  If  there  are  two 
sensors,  the  output  is  a  reported  location  and  the  CEP. 

After  processing  each  emitter,  subroutine  CQNPUT  is  called 
to  output  the  Control  Copy  data  on  that  emitter.  All  Intelligence 
Copy  output  is  stored  on  a  disk  file.  The  Intelligence  Copy  data 
is  i  subset  of  the  Control  Copy  output  data. 

After  all  targets  have  been  processed,  a  pseudo-random  sort 
is  used  to  select  the  order  in  which  the  data  for  each  detected 
emitter  is  recalled  from  disk  storage  and  printed  on  the  Intel¬ 
ligence  Copy  output. 

3 .  Input  Data  and  Formats 

The  preparation  and  running  of  the  CRESS-S  simulation  are 
outlined  in  Fig.  15.  After  deciding  ou  the  scenario  and  deploying 
the  IC'-gets  and  the  emitters  associated  with  each  target,  the 
SIGlKT  sensors  are  deployed.  The  sensor  sites  are  deployed  by 
persons  familiar  with  SIGINT  deployment  concepts  and  doctrine. 

They  should  also  have  some  derailed  knowledge  of  the  target  array 
before  them,  typical  of  a  tactical  deployment  situation  On  com- 
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plwtion  of  this  deployment  effort  work,  three1  decks  of  cards 
(Spltter  A  k  B,  Target  A  h  B,  and  Sensor  A  ft  B)  are  punched. 

Then  the  Target  and  Sensor  cards  are  input  into  program 
HELP,  along  with  a  starter  card  for  program  HELP.  Program  HELP 
examines  all  the  possible  emit  ter- sensor  combinations,  printing 
out  a  tabulation  of  all  likely  emitter-sensor  paths  that  can  exist 
in  the  array.  The  printed  output  sheet  (Fig.  18)  contains  a  complete 
list  of  all  the  target  sensor  paths  that  must  be  examined  by  data 
aides. 

This  printout  is  used  as  a  data  sheet  by  data  aides  who  re¬ 
turn  to  the  map  and,  for  each  target-sensor  path  noted,  record 
tin.  required  path,  foliage,  and  geological  data.  The  results  of 
the  data  aides'  map  work  is  punched  on  an  additional  deck  of  cards 
called  the  path  cards.  Two  additional  cards  must  be  punched  before 
each  running  of  the  CRESS-S  simulation.  These  are  the  global  para¬ 
meters  card  and  the  option  card. 

With  the  preparatory  work  completed,  the  six  decks  of  cards 
(Emitter,  Target,  Sensor,  Path,  Global,  and  Option  cards)  are 
appropriately  combined  and  read  by  the  CRESS-S  Program  which  now 
runs  and  produces,  on-line,  the  Control  Copy  output.  When  tne 
Control  Copy  output  is  completed,  the  TOCPUT  subroutine  randomly 
selects  the  reported  sensor  data,  which  was  stored  on  disk  at  the 
time  it  was  printed  on  the  Jontrcl  Copy,  and  prints  them  m  the 

Intelligence  Copy  in  a  random  ordering. 

All  of  the  input  to  program  CREt-  S  is  in  the  form  of  one 
of  tho  following  five  card  ^ypes. 

1.  Emitter-antenna  cards 

2.  Sensor  data  cards 

3.  Target  data  cards 

4.  Path  data  cards 

5.  Miscellaneous  cards 
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The  cards  will  be  discussed  in  the  above  order  and  followed 

by  an  explanation  of  the  deck  setup  for  input. 

> 

a.  Emltter-Antenn£  Cards  (Figs.  9  and  10) 

Emitter-Antenna  cards  are  a  file  oi  cards  describing 
the  characteristics  of  various  emitters  that  might  be  deployed. 
This  file  is  independent  of  the  scenario  and  may  be  kept  as  a 
library  file  to  be  read  in  at  the  beginning  of  each  run.  The 
first  card  (Fig.  9)  contains  a  description  of  the  emitter,  the 
minimum  and  maximum  operating  frequency  (in  MHz)  of  the  emitter, 
the  output  power  (in  watts),  and  the  modulation  code.  It  also 
contains  the  number  of  antenna  types  that  this  emitter  can  have. 
One  card  for  each  of  the  antenna  types  follows  the  emitter  card. 
This  type  oi  card  contains  an  antenna  type  identification,  the 
horizontal  beam  width  (in  degrees),  the  gain  (in  dB)  of  the  main 
lobe  and  the  gain  (in  dB)  of  the  side  and  back  lobes  normalized 
with  respect  to  the  main  lobe. 

b.  Sensor  Data  Cards  (Figs.  11  and  12) 

The  Soisor  data  cards  provide  information  about  the 
sensor  site  rs  well  as  a  description  of  the  sensor  antenna.  Since 
there  is  only  one  SIGINT  sensor  per  site,  it  is  not  necessary  to 
separate  the  site  and  antenna  descriptions.  However,  in  the  case 
of  microwave  sensors  having  different  sensitivities  at  each  end  of 
their  surveillance  band,  a  separate  set  of  cards  can  be  used, 
locating  sensors  with  differing  sens! civi ties  a?  the  same  coor¬ 
dinates. 


The  sensor  cards  contain  the  grid  coordinate  o.  1  he 
sensor.  The  grid  coordinate  consists  of  a  cuadrant  descriptor 
such  as  M* .  MB,  NA,  NB  and  X  and  V  coordinates  In  units  of  100 
meters.  ■.»»*  ."n.-  r  altitude  is  the  altitude  of  the  sensor  site 
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(in  Mtnri)  above  m  level.  Sensor  sensitivity  is  measured  in 
dBm  and  Is  used  in  determining  signal  hearability.  The  azimuthal 
angle  measurements  are  all  in  degrees  from  north  in  a  clockwise 
direction.  Two  standard  deviations  are  given;  the  first  is  the 
bearing  measurement  accuracy  of  the  antenna  when  used  to  detect 
an  emitter  alc"g  a  line-of-M ght  path  and  the  second  is  for  a 
nonlinc-of- sight  path.  In  general,  the  scan  angle  will  ha  assumed 
to  be  360°  for  all  sensor  antennas. 

c.  Target  Cards  (Figs,  7  and  8) 

One  Fora  A  card  is  punched  for  each  target.  It  con¬ 
tains  the  target  ID  and  a  brief  description  (four  FORTRAN  char¬ 
acters  or  less),  the  grid  coordinate  of  the  target,  the  target 
elevation  (in  meters)  above  sea  level,  and  the  number  of  emitters 
(not  emitter  types)  at  the  target.  There  is  then  one  card  (Fig. 

8)  for  each  emitter  at  that  target.  These  cards  should  be  ordered 
so  that  all  emitters  with  the  same  descriptor  are  together.  Tne 
emitter  descriptor  and  the  antenna  type  should  be  identical  to 
one  of  the  emitter  Descriptors  and  antenna  types  on  the  emiti.er- 
antenna  file  so  that  the  necessary  parameters  can  be  pulled  from 
this  file. 

If  the  uptime  flag  on  the  option  card  (Fig.  14)  is 
equal  to  1,  it  is  not  necessary  to  input  a  probability  for  up¬ 
time,  otherwise  the  number  should  be  the  fraction  of  time  that 
the  emitter  is  operating. 

d .  Path  na t a  Cards  (Fig.  16) 

The  tabulated  output  from  Program  HELP  gives  the  pro¬ 
bable  sensor/ target  propagation  paths  to  be  exercised  during  the 
CRESS  simulation  run.  From  this  tabulation,  data  aides  return  to 
the  map  of  the  target  and  sensor  deploymenLS  to  record  the  follow¬ 
ing  da. a  on  the  SIGJNT  path  d'»-  ription  (Fig.  lb): 
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The  two  highest  obstacles,  the  elevation  of  these  obstacles 
(nett  <  above  sea  level)  and  their  distances  from  the  sensor  (in 
km).  Tne  foliage  path  length  is  the  approximate  span  of  inter¬ 
vening  tree  foliage  (in  km)  along  the  path.  The  terrain  area 
number  is  1  if  the  seen ari o  is  <n  Europe,  2  for  Southeast  Asia. 

This  number  is  used  to  obtain  the  dielectric  and  soil  conductivity 
constants.  (The  program,  at  this  time,  does  not  have  these 
numbers  available  lor  the  rest  of  the  world.)  The  terrain  along 
the  path  is  described  by  the  terrain  characteristic  number  (see 
Sec.  II. D. 2  for  code). 

e.  Miscellaneous  Cards 

The  program  option  card  (Fig.  14)  gives  the  number  of 
targets  and  sensors  in  the  scenario  as  well  as  the  number  of 
emitter  types  in  the  emitter-antenna  file.  If  pH  emitters  are 
to  be  up,  a  1  is  put  in  the  flag  word,  otherwise  a  0.  This  flag 
will  override  the  uptime  probability  number  on  the  target  cards. 

An  initial  random  number  between  0  and  1  is  input  so  that  a  run 
may  be  either  duplicated  or  altered  as  desired. 

The  global  parameter  card  (Fig.  17)  contains  numbers 
that  will  remain  constant  throughout  a  run.  The  earth’s  radium 
correction  factor  (for  r'fraction)  is  usually  4/3.  All  of  the 
numbers  on  this  card  are  used  in  the  skywave  and  groundwave  cal¬ 
culations  in  the  attenuate.,  subroutine. 

f .  Deck  Setup  f>.  -  CPC  ^00  Computer,  Program  CRESS-S 

Figure 

O:\ier  Type  oi  0ards  Containing  Format 

1  /f’OPf  control  cards  Computer  Center 

2  FORTRAN  program  deck  for  CRESS-S 

3  A  card  with  7,  8,  and  9  level 
punches  in  column  1 

4  SIGINT  option  card  1 


dl 


Order 

Type  of  Carda 

Figure 

Conta icing  Format 

5 

SIGINT  global  parameter  card 

2 

6 

All  emitter-antenna  card  forma 

A  and  B 

3,  4 

7 

All  sensor  data  card  forms  A 

and  B 

5,  6 

8 

Target  card  form  A  for  first 
target 

7 

9 

Path  cards  for  target  1 

9 

10 

Target  card  forms  B  ter  target  1 
(one  for  each  emitter) 

8 

11 

Target  card  form  A  for  second 

target 

• 

• 

• 

A  card  with  7,  8,  and  9  level 

7 

punches  in  column  1 

A  card  with  6,  7,  8,  and  9  level 
punches  in  column  1 

g.  Deck  Setup  for  CDC  6400  Computer,  Program  HELP 

Order 

Type  of  Cards 

Figure 

Containing  Format 

1 

SCOT  control  cards 

Computer  Center 

2 

FORTRAN  program  deck  for  HELP 

3 

4  card  with  7,  8,  and  9  level 
punches  in  column  1 

4 

HELP  starter  card 

10 

5 

All  emitter-antenne  card  forms 

A  and  B 

3,  4 

6 

A1 1  sensor  data  card  forms  A 

and  B 

5,  6 

7 

H 

All  target  card  fo^ms  A  and  B 

A  card  with  7,  8,  and  9  level 
punches  m  column  ) 

7,  8 

9 

A  card  with  fi,  7,  8,  and  S  level 
punches  in  column  1 
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4.  Computer  Output 


Ther*  are  three  types  of  output  provided  from  the  SIGINT 
■odel^  The  first  (Fig.  18)  is  from  Program  HELP.  It  is  to  be 
used  by  the  data  aides  while  obtaining  path  obstruction  data 
from  the  map.  The  second  type  of  output  (Fig.  19)  is  the  Control 
"lopy.  This  output  records  all  sensor-emitter  interactions.  The 
third  type  (Fig.  20)  is  the  Intelligence  Copy  and  contains  the 
collected  data  operationally  available  from  an  array  of  SIGINT 
collection  sites. 

a.  Program  HELP  Output  (Fig.  18) 

The  output  from  HELP  contains  a  tabulation  of  the 
target/sensor  paths  that  must  be  examined  on  the  map.  The  items 
that  must  to  added  by  data  aides  to  this  output  (ana  then  key 
punched  as  path  cards)  are  identical  to  those  described  for  the 
Path  description  form  (Fig.  16). 

b.  Control  Copy  Output  (Fig.  19) 

The  Control  Copy  output  is  ordered  target  by  targe' . 

The  first  line  contains  the  target  ID  number,  the  target  descrip¬ 
tion,  and  the  actual  target  location  in  map  coordinates.  Next, 
each  emitter  at  that  target  is  described.  ACT  is  the  activity 
factor  of  the  emitter  and  is  the  same  as  the  assigned  uptime 
probability  number  on  the  input,  ID  is  either  YES  or  NO,  de¬ 
pending  on  whether  the  emitter  was  identified.  RPT  LQC  is  the 
reported  location  of  the  emitter.  This  is  the  location  that  also 
appears  on  the  Intelligence  Copy.  The  CEP  implies  the  inaccuracy 
of  this  location  in  meters  for  the  geometry  of  the  two  sensors  used 
in  LOCATE.  For  each  sensor  there  are  three  pieces  of  information 
given.  First,  a  1  or  a  0;  1  means  that  the  sensor  heard  the 
signal,  0  means  it  did  not.  Next  there  is  either  an  I  or  an  N; 
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L  means  that  the  propagation  path  was  radio  line-of-sight ,  and 
N  means  It  was  nonline-of-sight  (due  to  obstruction  or  skywave). 

The  two  sensors  flagged  with  an  *  w  re  the  ones  used  to  calculate 
the  reported  emitter  location.  If  only  one  sensor  heard  the  signal, 
the  RPT  LOC  column  will  contain  the  reported  bearing  of  the  signal 
(degrees  clockwise  from  north),  and  the  CEP  column  will  contain 
the  la  error  of  this  measurement;  the  c  corresponding  to  LOS  or 
NLOS  inaccuracies.  If  a  target  is  identified,  this  will  be  noted 
(YES). 

c .  Intelligence  Copy  (Fig;.  20) 

The  Intelligence  Copy  output  is  a  subset  of  the  Control 
Copy  output.  The  emitters  are  listed  in  a  pseudo-random  order. 

If  the  emitter  has  been  identified  (only  microwave  emitters  are 
identified),  the  emitter  ID  will  contain  the  emitter  description, 
otherwise  it  will  be  blank.  The  location  is  the  reported  location 
shown  on  the  Control  Copy,  The  information  given  for  each  sensor 
is  the  same  as  the  Control  Copy  except  that  it  is  not  noted  whether 
the  signal  was  a  line-of-sight  path. 

5 .  Computer  System  Considerations 

CRESS -S  was  written  to  run  on  the  CDC  6400  computer.  It  is 
written  in  FORTRAN  IV  and  could  be  run  on  the  CDC  3300  or  other 
large-scale  computers  with  minor  modifies^  ns.  The  input  is  all 
punched  cards  and  no  tapes  are  required;  however,  i andom  access 
disk  storage  i needed. 

Tile  program  if.  currently  limited  to  50  sensor  sites  and  100 
©mi tier- antenna  types.  There  is  no  limit  on  the  number  oi  targets. 
The  program  is  designed  to  run  on  a  computer  with  only  32K  words 
of  core  storage;  however,  at  this  time  it  has  only  oeen  exercised 
on  a  CDC  6400  with  131K  words  of  core  storages 
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The  sample  scenario  being  used  to  evaluate  the  program  con¬ 
sists  of  186  targets.  Approximately  100  man-hours  of  data  aide 
map  work  generated  the  drte  required  for  the  path  cards,  and 
approximately  16  man-hours  were  used  in  punching  end  checking 
the  1300  path  cards.  The  emitter  cards  required  approximately 
12  man-hours  to  punch  and  check.  The  target  cards  required 
approximately  8  man-hours  to  punch  and  check.  This  case  ran  on 
the  CDC  6400  in  approximately  two  minutes  of  processor  time,  plus 
printer  time. 

6.  Discussion 

To  conclude  this  descxlption  of  the  SIGINT  model,  CRESS-S, 
some  discussion  of  the  development,  use,  and  limitations  of  the 
model  is  pr^ented  together  with  some  ideas  for  future  additions 
and  extensions. 

Past  SIGINT  simulations  developed  at  SRI  have  been  essentially 
manual,  with  the  computer  uaed  only  for  elementary  data  sorting 
and  tabulation  functions.  The  present  monel  is  an  extension  of 
this  earlier  work.  The  propagation  computations  have  been  pro¬ 
grammed  for  the  computer,  using  for  toe  most  pr;rt  the  propagation 
model  f  the  ACCESS  simulation.  While  a  number  of  minor  pro- 
K  iraming  errors  in  the  ACCESS  model  have  b_3n  corrected,  t  good 
number  of  the  propagation  equations  used  have  not  be=in  checked 
against  original  sources  by  SRI,  but  rather  have  been  assumed  to 
be  correct  if  he  ACCESS  program  listing  agreed  wi  a  the  written 
equal. -ms  in  the  ACCESS  program  m.  nuals  and  flow  charts.  The 
accurac>  of  the  propagation  model  used  has  been  verified  in  a 
number  of  the  test  cases  by  compail-^  the  computer  program  out¬ 
put  with  the  results  of  hand  calculations. 

CRESS-S  relies  on  interaction  between  the  analyst  and  the 
computer  and  requires  a  considerable  amount  of  detailed  pr»t>  ra¬ 
tion  in  generating  arget  ares  data,  deploying  the  CIGINT  sensors, 
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providing  technical  chara^-^lsticB  of  wait ter a  and  sensors, 
deriving  terrain  profile  data  fros  naps,  and  providing  ionospheric 
end  terrain  characteristics  data.  These  manual  operations  are  a 
strength  of  this  model  in  that  they  force  the  analyst  to  consider 
in  detail  the  validity  of  the  input  data  he  is  providing;  they  are 
also  a  limitation  of  the  model  in  the  sense  that  the  people  pro¬ 
viding  these  inputs  must  be  familiar  with  the  technical  aspects 
of  electromagnetic  piopagation  and  SIGINT  deployment  and  opera¬ 
tions.  once  the  appropriate  input  data  for  a  particular  scenario 
have  been  provided,  the  model  can  be  exercised  easily  and  reliably 
by  people  who  are  familiar  with  the  computer  operations  but  who 
ray  not  have  the  technical  skills  required  to  provide  the  inputs. 
If  any  charges  are  required  in  the  type  of  output  or  the  way  in 
which  the  output  data  are  presented  to  satisfy  particular  user 
requirements,  (e.g.,  bookkeeping  and  data  tabulation  functions) 
these  can  be  made  by  an  experienced  prograuaner  with  only  a  mini¬ 
mum  knowledge  of  t!  “  technical  aspects  of  SIGINT.  However,  if. 
for  some  reason,  changes  in  the  technical  or  computational  parts 
of  the  program  are  called  for,  it  is  suggested  that  the  SRI  per¬ 
sonnel  who  develeoed  this  model  be  consulted. 

There  are  a  number  of  relatively  straight  forward  additions 
and  extensions  to  th®  program  that  should  be  made  to  provide  in¬ 
creased  capabilities  or  greater  accuracy  and  convenience: 

1.  The  SIGINT  model  is  in  need  of  an  extension 
to  include  moving  airborne  «enscr  platforms. 

The  p-esent  airborne  platfc~ms  are  modeled 
by  assigning  *\o  sensor  altitude,  While  the 
addition  of  moving  sensor  platforms  is  straight¬ 
forward  in  concept,  it  will  increase  the  com¬ 
plexity  and  running  ti.ae  of  the  orogram  consi¬ 
derably  . 


2.  Die  alternative  of  using  available  digital* 
type  terrain  models  with  the  STCZNT  and  per* 
haps  other  sensors  should  be  provided  the 
user  to  increase  the  options  at  his  disposal. 

This  alternative  would  reduce  the  amount  of 
data  aide  assistance  needed  for  map  work ,  but 
would  increase  the  program  complexity,  running 
time,  and  computer  storage  requirements. 

3.  The  propagation  equations  used  in  the  model 
should  be  revised  to  include  the  results  of 
recent  research  on  jungle  propagation  effects 
which  exhibit  considerable  differences  in 
attenuation,  particularly  in  the  HF  range. 

Furth more,  the  propagation  equations  should 
be  extended  to  include  the  case  of  horizontally 
polarized  signals. 

4.  The  present  SIGJYT  model  uses  ..  simplified 
antenna  model  tl  it  assumes  the  vertical 
antenna  beamwidth  is  90°  for  all  antennas. 

This  model  limitation  will  need  to  be  realis¬ 
tically  updated  when  SiGINT  sensors  are  used 
in  highly  elevated  modes,  such  as  moving  air¬ 
borne  platforms. 

There  is  an  additional  group  o^  program  modifications  that 
differ  from  those  in  the  preceding  paragraph  in  that  their  imple¬ 
mentation  is  not  a  straightforward  matter  of  programming  available 
information,  but  rather  requires  additional  research  efiorts  to 
derive  the  necessary  i.lput  information.  Program  mcdi  fi  cations 
fitting  into  this  category  are  the  fol loving: 

1.  The  present  SIGINT  i..odel  use?  a  simiplified 
approach  to  the  question  of  emitter  and  tar¬ 
get  identification,  Additional  study  in  this 
area  is  called  for  to  make  this  part  of  the 
model  more  realistic.  This  extension  will  be 
v)f  increasing  importance  '••hen  CRFSS  is  used  to 
provide  inputs  to  a  model  o..  <.he  intelligence 
processing  lunctt  is  that  taxe  place  at  the 
TOC 
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2.  Another  serious  deficiency  in  the  present 
S1GINT  aodel  ss  well  as  In  the  collateral 
sensor  Models  Is  a  lack  of  provision  for 
electronic  warfare  activities.  The  models 
should  be  modified  to  include  the  effects 
of  passive  and  active  ECS4  and  consequent 
degradation  in  sensor  performance.  Such 

an  extension  would  also  permit  the  inclusion 
of  radio  frequency  interference  from  friendly 
or  ambient  emitters. 

3,  The  3IGINT  nodel  should  v-e  extended  t.o  provide 
realistic  patterns  of  emitter  activity.  These 
patterns  can  be  used  to  provide  a  sense  of  the 
time  at  which  Intercepts  occur  and  to  give  a 
basis  for  modeling  delays  incurred  in  on-site 
data  processing  and  data  dissemination. 

In  *’sing  this  model  it  must  be  remembered  that  the  propaga¬ 
tion  eqr-»*ions  are  based  on  long-term  average  effects  without 
consi Deration  for  fading.  Additional  sophistication  of  the  model 
to  determine  the  effects  of  fading  on  detection  probability  would 
increase  the  accuracy  and  reliability  of  the  output. 

It  will  ie  apprrent  that  the  present  model  treats  the  Inter¬ 
action  between  the  SIGJNi  and  collateral  sensors  in  a  ver  ’  simple 
manner.  While  extensions  would  px'Hrhiy  be  of  major  significance, 
it  must  be  emo^asized  that  any  *uch  improvements  will  require  a 
great  deal  of  prior  research  effort  to  generate  and  evaluate 
potential  ways  in  which  this  interaction  can  take  place  before 
their  Inclusion  in  a  it*odel  can  be  meaningful. 
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E .  Data  Preparation 

There  are  three  general  ty,  ~f  data  that  must  be  collected 
and  put  Into  the  correct  formats:  ,.1)  data  derived  from  maps  and 
the  scenario  description;  (21  technical  uata  describing  the  sen¬ 


sors,  position  location  systems,  platforms,  and.  communication 
links,  and  (3)  sensor  cieploymert  data.  Collection  and  preparation 
of  the  data  of  the  first  two  types  shoi  d  proceed  concurrently. 
After  the  targets  ar  deployed,  the  <#nsor  systems  selected  and 
their  characteristics  ascertained,  the  sensors  can  be  deployed. 

I.  and  Scenario  Data 

a .  Master  Fora 

The  first  form  that  should  be  completed  is  a  working 
master"  form,  which  is  to  be  filled  out  and  used  by  the  scenario 
writer  while  he  is  deploying  the  targets.  Several  of  the  forms 
fo’-  tabulating  data  for  the  keypunchers  will  be  filled  out  from 
this  master  form.  Figure  21  is  a  sample  of  the  master  form. 
Additional  fields  of  information  may  be  added  to  this  form  at 
the  desorption  of  the  scenario  writer,  and  fields  2,  3,  13,  and 
16  tzpy  be  a.  leted  desired,  but  fields  1,  4,  5-1?,  14,  and  15 
must  be  included  since  data  in  these  fields  will  be  used  as  in¬ 
put  data  foi  CRESS. 

When  the  data  n  the  master  form  are  transcribed  to 
other  forms  for  keypunching,  extreme  care  must  be  taken  to  ensure 
that,  the  transcribed  data  adhere  to  th“  _^Fiicav  te  format  restric¬ 
tions.  Thus,  it.  is  preferable,  hut  nor  mandatory,  that  the  data 
entered  into  the  master  term  also  be  in  the  required  format  (see 
Table  6  for  the  required  format). 


Table  6 


FORMATS  FOR  MASTER  FORM  DATA 


Field 

Designation 

a/ 

Type- 

Explanation  and  Restrictions 

1 

. 

Target 

identification 

A 

4  FORTRAN  characters  or  less, 
left  justified 

O 

* 

Target 

description 

— 

Descriptive  material, 

no  restrictions 

3 

Unit 

designation 

Descriptive  material, 

no  restrictions 

4 

Location 

>,I 

Grid  coordinates,  2  letters 
followed  by  6  digits 

5 

We  a  non  s 

I  ,A 

Numbers  and  types  of  weapons — 
weapon  names  limited  to 

18  characters 

6 

Vehicles 

I,A 

Numbers  and  types  of  weapons — 
weapon  names  limited  to 

18  characters 

1 

Personnel 

I 

Number  of  personnel  attached 

8 

I 

1 

Radios  radars 

' 

1 1 A 

Number  and  types  of  radios, 

radars — names  limited  to 

i8  characters 

j 

9 

i 

1 

j 

Other  objects 

I, A 

Number  and  types  of  oojects — 
nemes  limited  to  18  characters 

10 

Posture  c:f  men 

I 

Ref erg  to  row  number  in  posture 
array—  for  different  types  of 
tactical  targets 
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Table  6  (concluded) 


Pie  Id 

Designation 

EH 

Explanation  and  Restrictions 

11 

Percent  of  objects 

under  nets 

i 

Percent  of  non  per  sonne  1  object  r- 
camouflaged  by  nets, 
between  0,  100 

12 

Natural  camouflage 

i 

0  indicates  none,  1  indicates 
effort  to  blend  into  background 

12 

Target  radius 

i 

Indication  of  area  target 
occupies,  meters 

14 

Terrain  type 

i 

1  indicat.es  smooth,  2~roiling , 

_  C/ 

3~rough— 

15 

Speed 

i 

Speed  of  target  in.  kph,  maximum 
of  999 

Lii_ 

Activities  remarks 

Space  for  notes 

A  indicates  leit- justified  alphanumeric  entries. 

I  indicates  right- justified  integer  entries. 

For  each  type  of  tactical  target,  the  posture  array 
(see  Figure  22)  breaks  the  number  of  personnel  attached 
into  the  numbers  of  personnel  standing,  prone,  in 
trenches,  in  foxholes,  and  covered  in  equipment  or 
buildings;  it  also  indicates  the  percent  of  men  in 
each  of  these  classes  that  are  covered  by  nets. 

The  definitions  of  the  .hree  illowable  terrain  types 
are  in  Tyble  7. 
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In  both  the  CRESS-A  and  CRESS-G,  probabilities  of 
detection,  recognition,  and  identification  ere  calculated  for 
each  type  of  object  in  a  target  covered  by  the  sensor.  Thus, 
objects  that  are  of  the  sar"»  general  type  but  differ  significantly 
in  size  should  be  grouped  separately  when  the  target  composition 
is  being  specified  on  the  master  form.  This  is  necessary  if,  for 
example,  it  is  desired  that  the  simulation  produce  a  probability 
of  detecting  a  20-ton  truck  that  is  different  from  the  probability 
for  detecting  a  3/4-ton  truck  by  the  same  sensor  under  the  same 
conditions . 

The  limitations  caused  by  array  sizes  in  CRESS  must  be 
recognized  when  th>  composition  of  a  target  is  being  prescribed. 

Each  tactical  target  can  contain  not  more  than  19  object  types, 

* 

exclusive  of  radios;  "here  can  be  up  to  999  of  each  object  type. 

If  more  t*ar.  999  are  required  for  a  given  target,  it  -  permissible 
to  count  each  group  of  999  (or  fraction  thereof)  of  the  object 
type  as  another  object  type . 

Two  objects  are  of  difierem  types  if  any  characteristic 
important  to  sensor  performance  is  different  for  the  two  (e.g., 
a  prone  man  is  a  different  object  type  than  a  standing  man  since 
the  heights  are  considerably  different).  There  is  an  option 
available  that  makes  it  possible  to  have  the  computer  assi^..  a 
stance  to  each  of  the  personnel  attached  to  a  tactical  unit  (target) 
acceding  to  a  posture  anay  (see  Fig.  22)  that  indicates  the  per¬ 
centage  of  personnel  iri  each  stance  for  any  given  posture  of  the 
target.  If  this  option  is  used  and  personnel  is  one  of  the  object 


*  Radios  are  usually  contained  in  vehicles  or  buildings,  so  that 
they  are  listed  for  SIGINT  model  use  only. 
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Fig.  22.  POSTUFE-MEN  ARRAY 


types  in  a  target,  14  is  the  maximum  number  of  object  types 
allowed.  This  is  usually  enough;  however,  if  more  object  types 
are  required  for  one  target  the  target  can  be  processed  by 
splitting  it  into  two  targets  and  giving  both  targets  the  same 
location . 

b .  Object  Characteristics  Form  (Fig.  23) 

The  next  form  that  should  be  lilted  out  is  the  "object 
characteristics"  form  as  shown  in  Fig.  23.  The  steps  in  filling 
out  this  form  are: 

(1)  Make  a  list  containing  et.ch  object 
type  th„ ;  occurs  in  the  r.  ster  form. 

(2)  Rearrange  this  list  of  object  types 
into  groups  o  object  tyoes  that 
belong  to  th  same  recognition  class 
and  assign  a  na:,c  (£  18  haracters) 
to  each  recognition  clas 

(3)  Rearrange  esuiting  recognition 

classes  mi  «,i  ups  of  recognition 
classes  th  -jo  to  the  same  de¬ 
tection  c;  s.  and  'Soign  ~  tme  (•£ 

18  characte  to  ea^h  deto  tio,i 

class  . 

1 1)  Assign  c  onsecutive  s  •.«.  ne 

resulting  list  o  object  .  nes. 
starting  with  the  number  i. 

(5)  Assign  consecutive  ,mmb  ‘ o  t' 
lesulting  list  of  recogntt ‘on 
Classes,  starting  w-th  . ..umuer  i 

(6)  Assign  consecutive  numbers  to  the 
resulting  list  of  detection  classes, 
starting  with  the  nu.  . ai  i 

( /)  Assign,  the  appropr  »  characteristics 
to  each  object  typ 

The  primary  reason  for  g»-  jpinc  ofcjt  ' ypos  into 
recognition  classes,  ’ncl  those  classes  into  del  .on  groups,  is 


no 
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to  provide  a  method  for  reporting  sighted  target  elements  on  the 
Intelligence  Copy  at  a  level  of  uetail  consistent  with  the  perfor¬ 
mance  of  the  sensor  (e.g.,  if  a  T-62  tank  is  recognized  then  it 
should  be  reported  as  a  tracked  vehicle,  r.ot  cs  a  T-62  tank). 
Another  reason  for  having  recognition  and  detection  classes  is  to 
allow  the  simulation  of  misidentif ication  and  misrecognit ion  of 
objects.  A  recognition  class  is  a  group  of  object  types,  any  one 
of  which  is  likely  to  be  misidentif led  by  an  image  interpreter 
as  anotner  object  type  in  that  same  recognition  class.  Similaily, 
a  detection  class  is  a  eroup  of  recognition  classes  that  are 
similar  enough  to  each  other  that  the  image  interpreter  may  mis¬ 
take  any  one  of  them  for  any  other  recognition  class  in  the  same 
detection  class.  The  user  may  grouv  +he  object  types  to  form  the 
recognition  classes  (maximum  of  40)  and  the  detection  classes 
(maximum  of  10)  in  any  manner  he  chooses.  However,  he  should 
be  aware  that  if  a  recognition  (detection)  cla^s  contains  only 
one  object  type  (recognit ion  class),  that  object  type  cannot  be 
misident if ied  or  misrecognized .  Appendix  A  provides  an  example  of 
an  extensive  list  of  object  types  that  are  divided  into  recogni¬ 
tion  classes,  and  the  resulting  recognition  classes  uivided  into 
detection  classes. 

Most  of  the  object  types  occurring  in  a  target  are 
given  in  Appendix  A.  If  they  are  found  there,  the  characteristics 
can  be  transcribed  onto  tiie  object  characteristics  form.  I  f  an 
object  type  to  be  used  does  not  appear  in  Appendix  A,  the  user 
must  supply  the  characteristics.  He  can  do  this  simply  by  supply¬ 
ing  the  dimensions  of  the  object  type  and  by  using  a  similar  ob¬ 
ject  type  that  does  occur  in  Appendix  A  tor  the  Ji.iaining  ch'rac- 
ter  ist ics . 
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The  entries  for  average  probability  of  misidentif ication 
and  misrecognition  for  each  of  the  objects  in  Appendix  A  were 
assigned  by  Mr.  Christop’. or  Nosworthy  of  Stanford  Research  Insti¬ 
tute,  a  systems  analyst  and  experienced  image  interpreter.  Al¬ 
though  these  numbers  reflect  his  best  subjective  judgment,  Mr. 
Nosworthy  feels  that  experimental  work  with  image  interpreters 
is  needed  to  fix  these  values  more  accurately. 

The  column  labeled  multisensor  classification  refers 
to  the  row  number  for  the  object  in  the  classification  system 
(see  Table  4)  that  Honeywell  (Ref.  1)  used  in  developing  the 
multisensor  enhancement  model  that  is  being  used  in  CRESS. 

c .  Detection  and  Recognition  Classes  Form  (Fig.  24) 

The  detection  and  recognition  classes  form  shown  in 
Fi/j.24  is  filled  out  for  keypunching  by  listing  the  detection 
classes  in  order  and  then  listing  the  recognition  classes  in 
order.  It  is  important  that  each  these  lists  be  numbered  con¬ 
secutively,  starting  with  the  number  1.  The  maximum  number  of 
characters  permitted  in  a  descriptor  is  18 . 

d .  Posture-Men  Array  (Fig.  22) 

To  generate  the  posture-men  array  (Fig. 22),  make  a  list 
of  the  types  and  postures  of  the  targets  in  the  scenario.  Number 
the  entries  in  this  list  sequentially  starting  with  the  number  1. 

A  maximum  of  16  different  target  postures  are  allowed.  For  each 
target  type  and  posture  in  the  list,  prescribe  the  persentages 
of  men  attached  that  are  in  each  of  the  following  stances:  stand¬ 
ing,  prone,  in  slit  trenches  (or  presenting  equivalent  viewing 
area) ,  and  in  foxholes .  These  percentages  do  not  need  to  sum  to 
100  since  some  men  may  be  in  equipment  or  buildings  (and  thus  they 
will  be  undetectable  by  the  sensors) .  In  addition,  for  each 
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_  A 

4 

_ 6  _ 

23 

Class  mo . 

C’ass  Descriptor  ! 

1 

Long,  narrow  target 

2 

. 

Large  land  object 

8 

Aircraft  1 

1 

1 

Road 

2 

Bridge 

3 

Large  buildi-g 

F  °MAT  1 14 ,  IX,  5A4) 

Note:  ist  all  detection  classes  then  all  recognition  classes 

Fig  24  DVitCTiON  ‘  ,i>  RECOGNITION  CLASSES  FORM 


indicated  stance  of  the  mtr.,  assign  the  percent  of  tne  total 
number  of  men  attached  that  are  under  nets. 

The  first  two  columns  of  information  are  for  identlfi- 
cation  purposes  only.  The  percentages  are  the  only  entries  punched 
on  cards.  Thus,  it  is  important  that  the  target  category  numbers 
be  assigned  in  sequential  order  starting  with  the  number  1. 

e .  Target  Object  Form  (Fig.  25) 

After  all  the  different  object  types  in  the  scenario 
targets  have  been  assigned  numbers  as  described  above,  the  target 
object  form  shown  in  Fig. 25  can  be  filled  in  for  keypunching. 

This  task,  with  the  exception  of  filling  of  column  2  (target 
posture)  is  simply  a  matter  of  transcribing  the  target  identifi¬ 
cation,  and  for  each  object  type  contained  in  the  target,  writing 
down  the  object  type  number  and  the  corresponding  number  oi 
elements  of  that  type  in  the  target.  Column  2  is  filled  in  for 
each  target  by  assigning  the  identifying  number  of  the  posture 
in  the  posture-men  array  that  most  nearly  describes  the  posture 
of  the  target. 

If  the  option  of  having  the  machine  assign  stances  to 
the  personnel  is  not  desired  for  a  particular  target,  that  target 
should  be  assigned  the  posture  that  assigns  100  percent  of  the 
personnel  to  the  standing  stance.  In  this  case,  it  is  permissible 
to  have  men  in  any  other  stance  (e.g.,  prone)  as  a  separate  object 
type,  since  the  computer  aoportions  standing  personnel  only 
according  to  the  percentages  listed  in  the  posture-men  array. 

f .  Target  Variable  Form  (Fig,  26) 

The  information  for  the  target  variable  fonn  shown  in 
Fig.  26  is  derived  from:  (1)  personnel  writing  the  scenario  and 
deploying  the  targets,  and  (2)  map  features.  As  the  scenario  is 


<T  -  Object.  Type;  N  =  Number  of.'  Gojects  of  Type  T) 


developed,  an  overlay  depicting  the  targets  on  the  map  should  be 
produced,  and  the  targets  should  be  assigned  identifications  for 
the  computer  (a  maximum  of  four  characters  per  tsrget  ID).  It 
is  suggested  that  similar  designations  be  used  for  related  targets. 
For  example,  24,  24A,  24B,  and  24C  could  be  u.  H  as  designations 
for  a  rifle  company  and  its  three  platoons.  Similarly,  if  a 
tactical  target  move  and  occupies  three  different  positions 
during  the  period  of  time  being  simulated,  it  must  be  treated 
as  three  targets  in  the  computer.  Assigning  similar  designations 
to  these  three  targets  (for  example,  17P,  57Q.  and  57R)  will  aid 
the  analysts. 

The  person  deploying  the  targets  must  specify: 

(1)  The  time  that  the  target  is  at  the 
location  given 

(2)  The  speed  of  moving  targets 

(3)  The  percentage  of  objects  (other 
than  personnel)  covered  by  camou¬ 
flage  nets 

(4)  Whether  natural  camouflage  (e.g., 
shrubbery,  dirt)  is  being  used 
(0--not  used;  1 — used) 

(5)  The  probability  teat  the  target 
would  fire  back  3t  an  aircraft 
firing  in  the  target's  general 
direction  (this  is  needed  only  if 
reconnaissance-by-fire  is  beinj 
played) 

(6)  The  probability  that  the  target  would 
fire  on  a  reconnais?ance  aircraft 
(this  is  needed  only  if  the  option 
for  playing  attrition  is  being  used)  . 

The  remaining  fields  of  information  are  filled  in  from 
the  map.  The  target  group  number  is  read  from  an  overlay  that 
preferably  is  drawn  after  the  initial  flight  plans  have  been 
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developed.  Assigning  targets  near  each  other  to  the  c.aae  group 
Is  necessary  to  keep  the  computer  from  processing  every  target 
when  the  sensors  are  turned  on  in  an  RS  area  in  one  small  part  of 
the  entire  region  being  considered  in  the  scenario.  The  dividing 
lines  can  be  drawn  in  such  a  way  that  the  areas  of  the  resulting 
groups  are  similar  to  political  boundaries  in  the  United  States 
(i.e..  gerrymandering  is  allowed)  if  desired.  The  guiding  princi¬ 
pal  In  drawing  the  dividing  lines  is  that  the  computer  should 
have  to  process  as  few  targets  as  poesihle  on  each  flight.  The 
maximum  number  of  groups  permissible  is  40.  There  must  be  at 
least  one  group.  Croups  containing  20  to  30  targets  (although 
any  number  ^  750  is  allowed)  oriented  so  that  most  of  the  RS  areas 
will  reference  only  a  few  of  these  groups  is  a  good  trade-off 
between  maproom  work  and  computer  time.  After  the  boundaries 
for  the  groups  r*  drawn,  the  groups  may  be  numbered  in  any 
order  on  the  nr  p,  however,  it  is  mandatory  that  the  numbers  start 
with  1  and  be  consecutive.  After  the  target  variable  cards  are 
punched  they  must  bo  ordered  by  ascending  values  of  the  group 
numbers . 

The  elevation  above  mean  sea  level  (in  meters)  should  be 
written  onto  the  r'  for  ear*-  "arget.  The  terrain  in  the  vicinity 
of  the  must  be  classified  as  smooth  (code  1),  rolling  (code 

2)  rough  (code  3).  Definitions  of  smooth,  rolling,  and  rough 
te'-.ain  are  stated  in  Table  5, 

The  vegetation  coverage  for  the  target  represents  the 
percentage  (no  decimal  point)  of  the  target  masked  to  an  aerial 
observer  by  vegetation.  This  is  determined  by  ascertaining  (from 
the  map)  the  percentage  of  the  target  area  covered  by  vegetation 
and  considering  the  posture  of  the  target.  A  subjective  Judgment 
to  determine  the  percentage  of  the  target  taking  available  cover 
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from  a  reconnaissance  aircraft  is  then  made.  This  vegetation 
coverage  figure  is  used  only  in  the  aerial  sensors  model . 

The  background  type  number  is  assigned  as  follows: 

(1)  Assign  consecutive  numbers  (starting 
at  1)  to  each  background  type  found 
in  the  legend  of  the  map  (1:50,000 
maps  are  essential,  1:25,000  or 
larger  are  desired) .  It  is  sometimes 
desirable  to  assign  numbers  to  back¬ 
ground  types  that  do  not  occur  in  the 
legend  (e.g.,  concrete  for  aircraft 
on  runways) . 

(2)  Where  the  target  area  contains  more 
than  one  type  of  background,  assign 
the  number  of  the  predominant  back¬ 
ground  type  to  each  target . 

g •  Background  Characteristics  Form  (Fig.  27) 

The  contrast  between  objects  and  background  is  computed 
from  the  'h  -acteristi.es  given  the  background  characteristics  form 
shown  in  tig.  27  and  the  object  characteristics  form.  Charac¬ 
teristics  must  be  supplied  for  each  oi  e  background  types  used 
by  the  deployed  target*.  Appendix  A  contai  s  a  list  of  commonly 
occurring  background  types  and  the  corresponding  characteristics. 
If  a  background  type  is  encountered  that  doe3  not  occur  in  Appen¬ 
dix  A,  the  materials  forming  the  background  should  be  ascertained 
and  the  required  characteristics  looked  up  in  the  references  for 
Appendix  A.  If  this  fails,  the  numbers  will  have  to  be  approxi¬ 
mated,  based  on  those  of  similar  materials  with  known  character¬ 
istics  . 


The  background  types  must  occur  in  consecutive  order, 
starting  with  type  number  1. 

Appendix  A  contains  the  definitions  of  the  reflectances 
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used  on  this  form. 


2 .  Technical  Data 


a.  Sensors 

Each  type  of  equipment  that  can  be  simulated  In  CRESS 
Is  described  parametrically  In  the  models.  The  appropriate  char¬ 
acteristics  of  the  sensors  to  be  simulated  must  be  determined  and 
keypunched .  With  the  exception  of  the  SIGINT  sensor  models  that 
are  .see,  the  sensor  models  in  CRESS  are  essentially  the  same  as 
those  in  the  models  from  which  CRESS  has  evolved.  Appendix  1 
contains  the  characteristics  of  most  of  the  sensors  that  have 
been  simulated  by  CRESS  and  its  predecessor  models.  These  char¬ 
acteristics  are  listed  in  the  correct  format  for  keypunching. 

The  definitions  of  each  of  the  parameters  are  found  in  the  sensor 
model  descriptions  contained  in  Appendix  B. 

When  a  sensor  to  be  simulated  is  not  listed  ir.  Appendix 

I,  it  is  necessary  for  the  user  to  determine  the  required  charac¬ 
teristics.  If  the  sensor  is  in  use  or  being  developed,  the  engineers 
of  the  manufacturing  companv  can  easily  supply  the  necessary  data. 

If  it  is  a  sensor  that  is  forecast  for  future  use.  engineers  in 
companies  engaged  in  research  and  development  of  that  type  of  sen¬ 
sor  should  be  able  to  supply  the  required  parameters. 

Whenever  two  or  more  sensors  cover  the  same  target, 
there  is  a  potential  for  producing  more  information  than  could  be 
collected  from  the  independent  use  of  the  sensors.  The  table  of 
enhancement  coefficients  for  the  multisensor  enhancement  submodel 
is  in  Table  4.  The  enhancement  subuodel  is  explained  in  Section 

II.  B. 8. 

b .  Aircraft 

The  only  parameters  needed  for  each  type  of  reconnais¬ 
sance  aircraft  are  speed,  altitude,  mean  time  between  failures 
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(MTBF),  and  vulnerability  to  fire  from  AA  weapons.  The  flight 
planners  will  supply  the  speed  and  altitude  for  each  flight.  The 
MTBF  for  a  reconnaissance  aircraft  is  defined  here  to  be  the  mean 
time  between  failures  that  woulu  cause  the  mission  to  be  aborted. 
These  failure  data  are  needed  only  if  the  option  to  play  noncomkat 
failures  is  selected .  Sources  for  MTBFs  for  Air  Force  reconnais¬ 
sance  aircraft  and  their  subsystems  are  Refs.  4  and  5.  Figure 
28  depicts  the  form  for  aircraft  MTBF  data.  The  aircraft  types 
should  be  numbered  consecutively  starting  with  number  1 


A 

R 

6  17 

21 

Aircraft  Designation 

MTBF 

(hours) 

1 

0V-1D 

70. 

2 

UH-1B 

80. 

3 

RF-4C 

L _ 

50. 

FORMAT  (5X,  3A4,  F4 .0) 

Fig.  28  AIRCRAFT  MTBF  FORM 

c .  Air  Attrition 

If  attrition  caused  by  enemy  ground  based  AA  weapons 
is  to  be  played,  the  attrition  probability  form  shown  in  Fig.  29 
must  be  filled  in.  The  attrition  submodel  used  in  the  aerial 
model,  is  a  simple  stochastic  model  based  on  the  average  capability 
of  a  given  type  weapon  to  shoot  down  a  given  type  of  aircraft. 

These  average  values  can  be  obtained  from  more  sophisticated 
attrition  models,  or  from  field  data  if  the  situation  being  simu¬ 
lated  is  similar  to  real  battles  for  which  attrition  data  exist. 
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The  probabilities  used  in  checking  CRESS  wr.  dcr<  v  t 

PACE  (Ref  6). 

It  should  be  noted  that  in  developing  •  be  an  >•••;«-. . 

it  is  not  always  desirable  to  list  all  of  the  o\>  in  a  u  .■*  t 
For  example,  if  the  target  is  an  airfield,  it  will  w.iv.iti  a 
large  number  of  object  types  and  probably  a  consider  .  bJe  number 
of  AA  weapons.  Instead  of  listing  each  weapon  type,  r  ;  .  ,  i<>r 
can  be  played  in  CRESS  by  assigning  an  appropriately  U  qc 
attrition  capability  to  object  type  "airfield"  i  >  the  at  •  v '  f  j  v. 
capability  form.  A  maximum  of  30  different  object  types  i  v;  i>*- 
assigned  attrition  capabilities  The  columns  labeled  1,  2, 

....  13  refers  to  the  correspondingly  numbered  aircraft  in  F 

d .  Aerial  Data  Links 

The  required  information  for  each  type  of  data  link 
used  for  transmitting  sensor  imagery  or  reports  is  a  number  to 
designate  each  type  data  link  and  the  MTBF  for  each  type  data 
link.  Figure  30  depicts  the  form  for  aerirl  sensors'  daca  links 
and  Fig.  31  shows  the  form  for  ground  sensors'  links. 

e ■  Ground  Communication  Link  Failure  Form  (Fig. 31  ) 

It  is  assumed  that  ground  based  equipment  that  fails 
can  be  repaired  or  replaced  and  put  back  in  service.  If  the 
option  to  play  equipment  failures  is  used:  (1)  the  MTRFs  for  the 
communication  links  to  OPs  and  putrols,  (2)  mean  downtime,  and 
(3)  tandard  deviation  of  the  downtimes  must  all  be  specified. 

Each  link  is  failed  according  to  a  ssvnple  from  a  Poisson  distri¬ 
bution  with  the  specified  MTBF  as  parameter.  T  amount  of  time 
the  link  remains  out  of  service  is  r4mulated  by  drawning  a  normal 
deviate  from  the  normal  distribution  t  pccriiied  by  the  specified 
mean  down  time  and  standard  deviation. 


f .  Tige  Delay  Factors  Fore  (Fig.  32) 

It  Is  assumed  that  operators  for  all  ground  sensors 
will  have  a  coaaunication  link  directly  to  tha  intelligence  tea*, 
ao  no  tl*a  delay  is  aiaulated  for  ground  based  season: 

The  aerial  model  provides  for  simulating  the  aacunt  of 
tine  fron  overflight  of  a  target  to  the  delivery  of  interpreted 
data  (about  that  target)  to  the  intelligence  tea*.  2f  a  data 
link  is  not  available  for  a  sensor,  the  reaaimng  flight  time 
and  isagery  unloading  tine  are  calculated  in  place  of  the  data 
link  transmission  tine  Tine  for  imagery  handling  and  preliminary 
processing  is  added  in.  .iswever,  the  largest  amounts  of  tine 
added  in  are  usually  for  the  image  interpreter  and  the  substquenl 
report  *o  the  appropriate  intelligence  units.  These  two  times 
are  simulated  by  sampling  normal  distributions  that  are  specified 
by  means  and  standard  deviation  pi  cribed  by  the  user  for  each 
airborne  sensor. 

The  ia?te  interpreter  times  given  for  cameras  in  Fig. 

31  were  derived  from  an  experiment  that  Mr.  Harold  idartlnek 
arranged  at  trvs  U  S.  Army  Behavioral  Science  Research  Laboratory, 
Washington  D.C.  A  class  graduating  from  the  Image  Interpreter's 
Course  at  Fort  Jfoi&bird  interpreted  tactical  photo  imagery  at 
North  .''ctnau:.  The  mean  *-ine  per  frame  was  9.213  minutes  for  the 
class;  the  stand* deviation  was  6.698  minutes. 

The  other  times  given  ir>  Fig.  31  are  best  estimates. 
Although  Fig.  f.i  lists  only  one  sensor  of  each  sensor  type  ,  there 
must  be  a  row  of  information  tor  each  aerial  sensor  simulated. 

g .  Ae r i al_  Navigation  Sywtens  Fo ra  {? i£. .  33) 

itodels  are  provided  for  the  types  of  navigation  systems 
listed  in  Table  3.  The  parameters  for  each  navigation  system  to 
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be  simulated  Bust  be  entered  into  the  fora  depicted  In  Fig.  33. 
The  parameter*  required  for  each  type  of  navigation  system  are 
Hated  in  Tables  9  through  17 .  The  necessary  parameters  can  be 
obtained  from  manufacturers  of  the  type  of  navigation  systems 
being  siaulated. 


Table  8 

NAVIGATION  SYSTEMS  MODELED^ 


Typ*  of  Number 

Type  of  Navigation  System 

1 

Inertial 

2 

Doppler 

3 

Dead  Reckoning  (DR) 

4 

Rho 'Theta 

5 

Hyperbolic 

6 

Direction  Finding  (DF) 

7 

Ranging 

P 

Mapmatching 

a/  See  Ref.  7  for  description  of  models. 

h ■  Navigation  Systems  fefTBF  Form  (Fig.  34) 

A  MTEF  must  be  specified  fur  each  navigation  system  being 
simulated  if  the  option  i>r  playing  equipment  failures  is  selected. 
MTBF  information  for  nav  gation  systems  in  U.S.  Air  Force  recon¬ 
naissance  aircraft  can  b^  found  in  Refs.  4  and  5. 
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Tabic  9 


SIMPLE  INERTIAL  NAVIGATOR  PARAMETERS 


Field^ 


Definition 

Type  of  inertial  system  (1—  simple, 
2~  sophisticated) 

1  O  error  in  setting  inertial  system 
at  airport  (reters) 

Altitude  coefficient  for  1  o  error  of 
inflight  updating  (percent/100) 

Drift  rate  of  system  (meters/min . ) 


Typical 

Value 


Corresponds  to  field  numbers  in  Fig.  33, 
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Tabla  10 


INERTIAL  NAVIGATOR  PARAMETERS 


Definition 

Typical 

Value 

1 

Type  of  inertial  system 

2 

2 

Gyro^  drift  rate  (radians/sec) 

-6 

1.  X  10 

3 

Gyro  drift  rate  (radians/sec) 

-4 

5.  X  10 

*  2 

-6 

4 

Accelerometer ^  drift  rate  (meters/sec  ) 

2.  X  10 

5 

1  o  error  in  initial  leveling  of  platform 
along  longitudinal  axis  (radians) 

-5 

5.  y  io 

6 

1  a  error  in  initial  leveling  of  platform 
along  transverse  axis  (radians) 

-5 

X  10 

7 

1  a  error  (longitudinal  axis)  in  setting 
inertial  system  at  airport  (meters) 

5 

8 

1  O  error  (transverse  axis)  in  setting 
inertial  system  at  airport  (meters) 

5 

9 

_ 

Altitude  coefficient  fcr  1  O  error  of 
inflight  updating  (percent/100) 

.05 

I 

Corresponds  to  field  number  in  Fig.  33 


Table  11 


DOPPLER  NAVIGATOR  PARAMETERS 


Fleld-^ 

Definition 

Typical 

Value 

1 

1  0  error  in  setting  Doppler  system  at 
airport  (meters) 

5. 

2 

Altitude  coefficient  for  1  o  error  of 
inflight  updating  (percent/100) 

.05 

3 

.  •-»  x 

p~  bandwidth  of  noise  (sec  ) 

1/380 

4 

Doppler  sensor  1  0  error  along  track 

.00408 

5 

Computer  1  a  error  along  track 

.00225 

6 

Doppler  sensor  1  G  error  across  track 

.00445 

7 

Computer  1  0  error  across  track 

.00225 

a/ 

—  Corresponds  to  field  number  in  Fig.  33 

T'ble  12 

DR  NAVIGATION  PARAMETERS 


Field^ 

Definition 

Typical 

Value 

1 

Altitude  coefficient  for  i  0  error  of 

.05 

inflight  updating  (percent/100) 

2 

1  0  error  in  direction  resolution  (radians) 

.035 

3 

1  0  error  in  velocity  (meters/min. ) 

90. 

L _ 

a/ 

—  Corresponds  to  field  numbers  in  Fig.  33 


Table  13 


R80-THETA  NAVIGA1 lOh  PARAMETERS 


Field-^ 

Definition 

Typical^/ 
Value  t 

1 

1  <r  error  in  station  location  (meters) 

5. 

2 

1  (Terror  in  direction  resolution  (radians) 

.035 

3 

1  (Terro?  in  range  resolution  (meters) 

30. 

4 

1  (Terror  in  altitude  resolution  (meters) 

20. 

5 

x  coordinate  of  station  with  respect  to 
origin  at  lower  left  grid  corner 
(meters) 

6 

y  coordinate  of  station  with  respect  to 
origin  at  lower  left  grid  corner 
(meters) 

a/ 

—  Corresponds  to  field  numbers  in  Fig.  33. 
b/ 

—  Typical  values  for  g sound  control  radar. 


134 


Table  14 


HTPBBBOLIC  XAVI0ATION  PAMMETOB 


gjg 

Definition 

lypicni 

Tala* 

n 

1  <T  error  in  station  locat1*  on  (meters) 

5. 

2 

1  (Terror  in  time  difference  measurement, 
slave  static*.  1  (microseconds) 

.5 

3 

1  (Terror  in  time  difference  measurement, 
slave  station  2  (microseconds) 

.5 

4 

b / 

x  soordinat  of  slave  station  1  (meters) 

~ 

3 

y  coordinate—^  of  slave  station  1  (meters) 

— 

6 

b/ 

x  coordinate-  of  slave  station  2  (meters) 

— 

7 

b/ 

y  coordinate-  of  nlave  station  2  (meters) 

4»  mm 

8 

b/ 

x  coordinate-  of  master  station  (meters) 

mm  » 

9 

b/ 

y  coordinate-  of  master  station  (meters) 

■  e 

a/ 

—  Corresponds  to  field  numbers  in  Fig.  33. 

b./ 

—  Coordinates  are  given  with  respect  to  origin  at  lower  left 


grid  corner  g~~T  j  (meters) . 


Table  15 


DT  NAVIGATION  PARAMETERS 


*uu& 

Definition 

Typical 

Value 

1 

1  <r  error  In  locating  stations  (meters) 

5. 

2 

1  v  error  in  direction  resolution  (radians) 

.035 

3 

b/ 

x  coordinate—  of  station  1 

— 

4 

b/ 

y  coordinate—  of  station  1 

-- 

5 

b/ 

x  coordinate—  of  station  2 

b/ 

6 

y  coordinate—  of  station  2 

—  Corresponds  to  field  numbers  in  Fig.  33. 
b/ 

—  Coordinates  are  given  with  respect  to  origin  at  lower  left 


grid  corner  (meters). 

Table  16 

RANGING  NAVIGATION  PARAMETERS 


Fleld^ 

Definition 

Typical 

Value 

1 

1  <r  error  in  locating  station  (meters) 

5. 

2 

1  <r  error  in  height  resolution  (meters) 

20. 

3 

1  or  error  in  range  resolution  (meters) 

30. 

4 

x  coordinate  of  station  1 

— 

5 

y  coordinate  of  station  1 

— 

6 

x  coordinate  of  station  2 

7 

y  coordinate  of  station  2 

— 

—  Co> responds  to  field  numbers  in  Fig.  33 
b/ 

—  Coordinates  are  given  with  respect  to  origin  at  lower  left 

grid  corner  (meters) . 
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i .  Fosltion  Location 

The  models  of  the  navigation  systems  compute  the  error 
associated  with  locating  the  reconnaissance  aircraft  in  terms  of 
error  ellipses.  The  reported  position  and  location  accuraey 
for  a  sighted  target  incorporates  this  error  with  the  errors 
inherent  to  Class  A,  B,  and  C  maps.  The  resulting  errors  are 
stated  in  terms  of  circular  errors  probable  (CEPs) .  Table  18  is 
the  digital  form  of  a  curve  used  in  converting  from  r.n  error 
ellipse  tc  a  CEP,  with  the  format  for  keypunching.  Table  19  lists 
the  Class  A,  B;  and  C  map  CEPs. 


Table  18 

ELLIPSE  TO  CEP  CONVERSION  CURVE 


r~ - 

I  3 

|  ! 

R  |  R  j  R 

P. 

R 

K  i 

R 

— 

R 

UR _ 

R 

R 

6 

1 

12  IS  i  24 

30 

36 

42  i 

48 

54 

80 

86 

72 

Table  19 


itVP  C3£Fb 
(Beters) 


Clastt  A  T  Class 


Lass  C 
"28.0 


FORMAT  (3F5.0) 


The  computer  model  will  accept  position  of  targets, 
ground  OPs,  and  flight  path  checkpoints  in  gr  d  coordinates  co»- 
posed  of  two  letters  followed  by  six  digits.  Be  fere  calculating 
distances  between  targets  ana  sensors,  the  computer  converts  the 
grid  coordinates  into  rectangular  Cartesian  coordinates  with  the 
origin  at  the  lower  left-hand  corner  of  toe  lower  left-hand 
lettered  grid.  One,  two,  three,  or  four  lettered  grids  can  be 
accommodated  if  they  will  all  fit  into  a  square  200  kilometers 
on  a  side.  Figure  35  depicts  the  numoering  systea  for  these 
grids.  .he  order  given  the  lettered  grids  is  important.  If, 
for  example,  only  gilds  MA  and  UB  aie  used  then  MA  and  MB  must 
occur  in  columns  1  and  3  of  the  Grid  Form  (gee  Fig.  36). 


MB 

! 

NB  | 
4 

3 

- 

m, 

i 

K4 

.  ’  _ 

Fig.  35  PERMISSIBLE  GRIDS 
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13 
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Grid  2 
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NB 

FORMAT  (4(A2,  2X» 


Fig.  36  GRID  FORM 

Occasional] y,  it  Is  necessary  to  use  naps  that  are 
distorted  along  a  longitudinal  line  because  of  the  type  of  pro¬ 
jection  used  to  produce  the  map.  These  maps  cannot  be  used 
directly  by  CRESS  since  distances  calculated  between  points  on 
opposite  aides  of  this  "seam"  would  be  in  error.  Thus,  if  it  is 
necessary  to  use  such  a  map;  it  will  also  be  necessary  to  make 
a  grid  overlay  for  the  map  and  to  record  all  positions  with 
reference  to  the  square  grid  overlay. 

j •  Atmospheric  Parameters  Form  (Fig  37) 

Each  type  of  sensor  is  affected  by  some  of  the  charac¬ 
teristics  of  the  atmosphere.  Since  the  weather  varies  from  place 
to  piece  on  the  earth  and  from  one  time  of  year  to  another,  it 
is  necessary  r.o  describe  the  atmosphere  at  the  place  and  time  the 
scenario  prescribes.  The  cloud  coverage,  cloud  base,  visibility 
range,  relative  humidity,  air  temperature  near  the  ground,  and 
horizontal  plane  illuminance  can  be  obtained  from  a  meteorologist 
familiar  with  the  area  There  are  also  historical  weather  data 
for  many  parts  of  the  world  that  give  monthly  averages  for  these 
parameters ,  The  remaining  parameters  in  Fig.  37  depend  on  the 
physics  of  the  atmosphere  and  water  droplets  and  do  not  usually 
vary  for  different  scenarios.  The  values  given  in  Fig.  37  are 
representative  values  for  these  parameters. 


1 


I 
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3 .  IttggllMgoui  Data 


a.  False  Target  Maximum  Form  (Fig.  38) 

«M&  falsa  targets  are  generated  (see  Section  II.B.7 
for  a  description  of  the  false  target  submodel) ,  their  elements 
are  alway*  reported  as  being  recognized.  It  is  necessary  for  the 
user  to  prescribe  the  maximum  number  of  elements  of  each  recog¬ 
nition  class  that  can  occur  in  a  false  target  report.  (No  more 
than  four  recognition  classes  can  be  represented  in  a  false  tar¬ 
get.)  This  will  allow  the  possibility  of  having  several  small 
objects  (e.g.»  men,  small  weapons)  of  a  recognition  class  repre¬ 
sented  in  a  false  target  report,  but  limiting  the  number  of  large 
objects  (e.g.,  bridges,  boats)  of  a  recog  -t ion  class.  These 
numbers  will  be  a  product  of  the  user's  ubjective  judgement  con¬ 
cerning  the  numbers  of  different  elemen  s  that  might  be  reported 
together  as  a  target.  The  numbers  sh  aid  not  represent  the  ex¬ 
treme  case,  but  should  reflect  the  user's  judgment  of  what  the 
composition  of  the  "average"  false  target  might  be.  In  generating 
these  numbers,  it  should  be  kept  in  mind  that  CRESS  plays  the 
Interaction  of  sensors  and  target  elements,  not  targets.  There¬ 
fore,  the  maximum  numbers  should  reflect  the  nun.'  ers  of  objects 
likely  to  be  reported,  and  not  necessarily  the  TOE  of  the  enemy. 

b.  Report  Criteria 

The  aerial  and  ground  models  both  produce  two  computer 
outputs:  the  Control  Copy  and  the  Intelligence  Copy.  The  Control 
Copy  displays  essentially  all  the  information  about  the  inter¬ 
action  of  the  sensors  and  the  targets  that  the  computer  processes. 
The  Intelligence  Copy  displays  only  data  that  units  deploying  the 
sensors  would  be  able  to  acquire  from  their  sensors.  Thus,  for 
example,  targets  that  are  covered  by  a  sensor  but  -~t  detected  vijl 
not  be  reported  on  tne  Intelligence  Copy. 
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Exactly  what  .should  be  reported  on  the  Intelligence 
Copy  depends  on  the  user's  reasons  for  using  CRESS.  If  CRESS  is 
being  used  to  examine  the  effect  of  using  reconnaissance  systems 
in  various  combinations,  perhaps  the  Intelligence  Copy  is  not 
needed.  If  CRESS  is  being  used  as  an  input  to  the  teams  playing 
a  closed  war  game,  the  Intelligence  Copy  should  reflect  the  type 
of  detail  expected.  For  example,  if  the  game  is  being  played  rt 
the  company  level,  anything  that  is  detected  should  probably  be 
reported.  However,  if  the  elligence  Copy  is  meant  for  the 
intelligence  team  at  the  division  or  corps  level,  perhaps  only 
sizable  targets  and/or  targets  containing  important  equipment 
(e.g.,  ••ocket  launchers)  should  be  reported. 

To  provide  flexibility  in  the  use  of  the  Intelligence 
Copy,  the  user  can  specify  his  own  criteria  for  reports  within 
the  limits  of  the  options  listed  in  Table  20.  The  user  can  choose 
none,  any  one,  any  two,  or  all  three  of  the  criteria.  If  he 
chooses  none  (all  zeros  or  blanks)  entered  in  the  report  criteria 
form  (Fig.  39),  no  Intelligence  Copy  will  be  printed.  Otherwise, 
a  report  will  be  generated  for  a  sensor-target  interaction  if  any 
one  of  the  crit-ria  that  the  user  selects  is  met. 

Table  20 


REPORT  CRITERIA 


Criteria  Numbers 

Criteria 

i 

Threshold  number  of  objects  identified, 

recognized  or  detected. 

2 

Threshold  number  of  special  objects 

identified,  recognized,  or  detected. 

3 

Percent  of  objects  present  identified, 

recognized,  or  detected. 

144 


Tor  each  criterion  selected,  the  user  oust  specify  the 
threshold  number,  or  percent,  and  which  one  of  identification, 
recognition,  and  detection  Is  to  be  used.  He  does  this  by  filling 
out  the  report  criteria  form.  When  criterion  2  is  selected,  he 
Must  also  provide  a  list  of  the  numbers  (a  maximum  of  1C,  of  the 
special  objects  chosen  (see  Fig.  40  for  format).  The  example 
shown  ir  Fig.  39  is  the  weakest  possible  condition  for  generating 
a  report;  if  any  object  is  detected,  a  report  will  be  generated. 

c .  Area  Target  Radii  Form  (Fig.  41) 

If  the  user  wants  a  list  of  all  reported  groups  of  target 
elements  that  are  within  a  prescribed  radius  of  each  other,  he 
must  put  the  radii  (in  meters)  be  desires  in  ascending  order 
into  the  form  in  Fig.  41.  The  computer  will  then  group  the  re¬ 
ported  groups  of  target  elements  for  each  of  the  radii  listed. 

This  may  be  beneficial  it  ascertaining  which  elements  belong  to 
a  tactical  unit  type  that  is  assumeu  to  occupy  an  erea  of  the 
given  radius. 

d .  Situation  Heading  Card  Form  (Fig.  42) 

The  information  printed  in  columns  2  through  49  of  the 
situation  heading  card  will  be  printea  as  a  label  at  tho  top  of 
each  output  form.  Any  acceptable  FORTRAN  characters  are  allowed 

e .  MEN/NET  Designation  Form  (Fig.  43) 

If  the  option  to  have  the  computer  assign  the  prescribed 
percentages  of  personnel  to  the  various  stances  and  provide  for 
camouflage  nets  in  the  simulation  is  used,  the  object  numbers  and 
recognition  class  numbers  for  standing  personnel  and  large  nets 
must  be  entered  in  the  ME1T/JTFT  designation  form  (Fig.  43). 


Radii 

of  Tactical  Targets  of  Interest 

1500. 

i 

0) 


Fig.  41  AREA  TARGETS  RADII  FORM 


A 


49 


Situation  Heading 


Ammunition  Expenditure  Rates,  Clear  Day 


12A4) 


Fig.  42  SITUATION  HEADING  CARD  FORM 
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Recognition  Class 
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Number,  Men 

61 

14 

7 

_ 

15 

a/  For  ground  model  only. 
FORMAT  (414) 


Fig.  43  MEV/NET  DESIGNATION  FCHUF 

f •  Random  Number  Initialization  Form  (Fig,  44) 

The  pseudo -random  number  generator  generates  a  sequence 
of  pseudo-random  numbers  by  performing  precisely  prescribed  opera¬ 
tions.  Thus,  if  the  initial  conditions  are  the  same  each  time  a 
list  of  numbers  is  to  be  generated,  the  same  list  will  be  generat¬ 
ed  each  time.  It  is  sometimes  desirable  to  repeat  part  of  a 
simulation  with  exactly  the  same  results.  This  can  be  done  if  the 
user  ensures  that  he  uses  the  same  number  to  initialize  the 
pseudo-randon.  number  generator  for  each  desired  repetition.  The 
user  can  choose  any  number  between  0  and  1  as  the  initializing 
number.  If  the  simulating  is  stopped  and  is  to  be  resumed  where 
it  was  stopped,  the  user  may  continue  with  the  same  sequence  of 
pseudo-random  numbers  that  was  originally  being  generated  if  he 
restarts  the  simulation  using  the  final  value  of  the  pseudo¬ 
random  number  that  the  computer  prints  on  a  normal  stop. 
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FORMAT  (FI 5,0) 

Fig.  44  RANDOM  NUMBER  IN.. 1IALIZATION  FORM  | 

i 

4 .  Aeritl  and  Ground  Sensor  Deployment  Data  i 

The  purposes  for  using  CRESS  will  influence  the  manner  in  \ 

which  the  sensors  are  deployed.  If  CRESS  is  being  used  for  a  j 

closed  war  game,  the  team  members  deploying  the  sensors  should  ! 

not  be  givers  any  mere  information  about  the  enemy  forces  than  j 

they  would  have  from  the  general  scenario  development  and  previous  { 

intelligence  reports.  However,  if  CRESS  is  being  used  to  evaluate 
different  reconnaissance  systems,  using  the  k  .owledge  of  exactly 

t 

where  all  the  targets  are  located  while  deploying  the  sensors  ‘ 

may  make  the  comparison  more  valid. 

For  any  purpose,  sensor  deployment  is  a  key  r^sk  that  sig¬ 
nificantly  affects  the  amount  and  quality  of  data  generated  by 
sensor  systems.  Thus,  an  understanding  of  the  capabilities  of  the 
sens  or  systems  being  simulated  is  ess. —  tial .  If  it  s  important 
to  sinun  a  tactical  operations  realistically,  a  team  of  personnel 
experienced  in  reconnaissance  flight  planning  (for  bo.  >  low  and 
high  ’performance  aircraft)  and  ground  sensor  deployment  should 
perform  this  important  task. 
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Flight  Parameters  Form  (Fig.  45) 


* 
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a. 

There  are  four  forms  that  must  be  filled  out  for  the 
computer  to  process  a  flight.  The  first  of  these  gives  the 
general  flight  information  that  i3  listed  in  the  headings  of 
the  form  m  Fig.  45.  The  Flight  ID  is  used  only  for  printing 
and  card  identification  purposes  and  can  consist  of  up  to  20 
FORTRAN  characters.  The  platform  designation,  however,  must  be 
exactly  the  same  ss  one  of  the  platform  designators  listed  in 
the  Aircraf t-MTBF  form  (0V-1D  and  OVID  are  not  the  same). 

One  line  on  this  form  represents  one  flight. 

b.  Flight  Instrumentation  Form  (Fig.  46) 

One  line  of  information  must  be  entered  on  the  flight 
instrumentation  form  shewn  in  Fig.  46  for  each  flight. 

The  Flight  ID  is  only  for  card  identification;  however, 
the  designations  entered  on  this  form  for  th*  navigation  system 
and  for  each  of  the  sensors  must  be  exactly  the  same  as  corres¬ 
ponding  designations  in  the  air  navigation  systems  form  and  the 
sensor  parameters  form,  respectively,  (The  computer  matches 
designations  to  find  the  appropriate  parameters  to  use  for  the 
equipment  being  simulated  on  the  particular  flight.)  The  communi¬ 
cation  link  number  must  be  0  (for  no  air-to-ground  linx)  or  a 
number  corresponding  to  the  appropriate  link  in  the  data  link 
MTBF  form.  i  .naximir  **f  four  sensors  per  aircraft  is  allowed. 

v.  PS  Area  Description  Card  1  Form  (Fig,  4T) 

Two  cards  are  required  to  describe  ar  RS  area.  This 
section  discusses  the  first  card.  Ore  line  must  be  entered  on 
the  RS  area  description  card  1  form  shown  in  Fig,  47  and  on  tfc„ 
target  groups  overflown  form  for  each  RS  area  of  the  flight. 

An  RS  area  is  a  rectangular  area  that  is  covered  by  the  operating 
sensors  aboard  the  aircraft.  The  simulation  model  requires  thnt 
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the  aircraft  be  in  straight  and  level  flight  while  it*  sensors 
are  operating.  Thus  a  route -recce  mission  would  consist  of  a 
number  of  straight  line  segments,  each  of  which  defines  an  RS 
area.  If  a  wide  area  is  to  be  covered  and  the  aircraft  is  flown 
along  paths  parallel  to  each  other  with  the  sensors  being  turned 
cn  and  off  opposite  the  endpoints  of  the  preceding  leg,  the  RS 
area  can  be  described  by  giving  the  starting  and  ending  points  o* 
the  first  leg,  the  distance  between  legs,  the  direction  of  the 
first  turn,  and  the  total  number  of  legs  (see  Fig.  1).  A  maximum 
of  10  legs  is  allowed.  It  is  noted  that  the  route-recce  RS  area 
is  a  special  case  of  the  area  surveillance  RS  area,  with  the  number 
of  legs  being  1.  A  maximum  of  20  RS  areas  are  allowed  on  any  one 
flight . 

The  capability  of  simulating  avoidance  of  AA  fire  when 
the  sensors  are  not  being  used  is  prodded  by  allowing  a  change 
in  altitude  while  the  aircraft  is  turning  for  the  next  leg  or  pro¬ 
ceeding  to  the  next  RS  area.  The  aircraft  is  considered  to  stay  on 
the  flight  leg  extensions  of  the  RS  area  to  the  turn  distance 
specified  while  turning  and  lining  up  for  the  next  leg.  Three 
minutes  is  allowed  for  turning  and  coming  back  over  the  starting 
point  of  the  next  leg.  The  altitude  during  the  turn  is  used  in 
computing  the  possible  attrition  during  the  turn  maneuver.  No 
attrition  is  played  when  the  aircraft  is  not  in  an  RS  area  or  the 
turr.  area . 

Reconnaissance  by  fire  is  considered  to  se  used  for  the 
entire  RS  area  according  to  the  code  entered  in  the  RBF  indicator 
column  (0 — No  RBF,  1 — RBF) . 

The  option  to  synthesize  and  report  false  targets  is 
available  to  CRESS  users.  The  false  target  submodel  is  based  on 
the  concept  that  the  number  of  false  targets  reported  in  an  area 
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la  dependent  on:  (1)  the  Instructions  that  the  image  interpreters 
or  sensor  operators  receive,  and  (2)  the  amount  of  targets  that 
are  found  In  the  area.  Reference  1  Indicates  that  if  an  inter¬ 
preter:  (1)  expects  to  find  targets  (receives  instructions  to 
that  effect) ,  or  (2)  finds  several  targets,  he  probably  will 
report  false  targets.  The  false-target  prior  for  an  RS  area  is 
a  number  between  0  and  1  that  the  flight  planner  must  assign  to 
the  RS  area  to  indicate  the  extra  effort  that  should  be  exerted 
in  processing  the  imagery  of  the  area.  The  discussion  of  the  false 
target  suujiodel  (Sec  II. B. 7),  indicates  the  relation  between  the 
false  target  prior  and  the  number  of  false  targets  generated  for 
the  RS  area. 

d .  RS  Area  Description  Card  2  Form  (Fig.  48) 

When  the  sensor  operator  or  image  interpreter  has  prior 

information  indicating  that  targets  are  in  the  general  area  covered 

by  an  RS  area,  he  is  more  likely  to  detect  a  target  if  it  is  there 

than  he  would  without  that  information.  (As  indicated  above,  he 

is  more  likely  to  report  false  targets  also.)  If,  fcr  example, 

SIGINT  collection  means  indicate  that  there  is  an  emitter  in  an 

area  and  the  flight  planners  send  a  photogra>«uic  mission  to  cover 

that  area  specifically,  the  photo  interpreter  would  be  more  likely 

to  detect  the  target  than  he  would  if  he  were  viewing  imagery 

that  was  taken  of  the  same  area  on  a  general  reconnaissance  flight. 

* 

CRESS  simulates  this  enhanced  probability  of  detection  for  a 
given  RS  area  if  the  enhancement  entry  on  the  cara  is  not  zero 
(i  .e  . ,  set  to  1)  . 

The  numbers  of  the  target  groups  overflown  in  an  RS 
ur**a  must  be  supplied  by  someone  who  is  allowed  to  know  where  all 

*  See  Section  II.B.llf-r  a  description  of  the  method  for 
enhancement . 
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the  targets  ere  (the  Control  teaa  in  a  closed  war  game) .  This 
can  be  done  by;  (1)  putting  an  overlay  of  the  flight  ^ath  over 
the  overlays  which  contain  the  targets  and  the  target  group  areas; 
(2)  drawing  (perhaps  mental only)  the  boundaries  of  the  area 
covered  by  the  sensor  aboard  the  aircraft  that  has  the  widest 
coverage;  and  (3)  writing  ti  ?  numbers  of  any  taiBvi.  group  area 
that  is  partly  covered  by  the  sensors  on  the  RS  area  description 
card  2  fora.  Up  to  10  target  groups  are  allowed  for  one  RS  area. 

Not  all  the  targets  contained  in  the  listed  target 
groups  will  be  processed.  Only  targets  that  fall  inside  the  area 
covered  by  the  sensor  having  the  widest  coverage  will  be  put  into 
arrays  <n  the  computer  for  further  processing.  The  maximum 
allowed  in  the  array  for  an  RS  area  is  150  targets.  The  maximum  ' 
allowed  in  the  array  for  one  leg  of  an  RS  area  is  100  targets. 

After  the  arrays  are  filled  with  the  maximum  numbers  of  targets, 
the  remaining  targets  in  the  target  groups  listed  will  be  ignored 
even  though  they  fall  inside  the  area  r<->^ered  by  a  sensor.  Thus, 
occasionally  it  may  be  necessary  to  artificially  break  a  long 
RS  area  provided  by  the  flight  planner  who  presumably  does  not 
know  where  all  the  targets  are  into  several  smaller  RS  areas 
If  the  maximum  number  of  targets  for  the  RS  area  is  exceeded 
because  there  are  too  many  high  density  legs,  the  RS  area  can 
be  subdivided  into  two  (or  more)  RS  areas  by  reducing  the  number 
of  legs  for  the  first  RS  area  and  starting  the  next  RS  area  on 
the  next  leg  oi  the  given  RS  area.  If  the  maximum  number  of  targets 
for  one  leg  is  exceeded,  the  RS  area  should  >e  subdivided  by 
shortening  the  length  of  the  leg  *or  the  first  replacement  RS 
area  and  smarting  the  second  replacement  RS  area  at  the  point  where 
the  first  one  ends. 
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A  set  of  the  two  RS  area  description  cards  mist  be 
punched  for  each  RS  area  of  the  flight. 

e.  Navigation  Update  Form  (Fig,  48) 

It  is  possible  to  simulate  updating  the  navigation 
system  before  reaching  any  RS  area  by  inserting  a  navigation 
update  card  immediately  before  the  first  card  for  the  RS  area. 
This  card,  which  contains  the  coordinates  of  the  point  where  the 
navigation  system  is  to  be  updated,  signals  the  computer  to  reset 
the  accrued  navigational  error  to  the  inflight  update  accuracy 
capability  for  the  system.  The  navigation  error  then  accrues 
from  this  update  point. 


I 

A 

I 

Update 

Update  Point 

Code®./ 

Coordinates 

33 

MA 

788  821 

a/  33  is  the  code  for  an  update  point. 

b/  This  card  will  be  read  by  the  same  instruction  that  causes 
the  RS  area  description  card  1  to  be  read 

FORMAT  (2 IX,  276.0,  15,  2( IX, A2 , 16) , 15 , IX, A1 , 17 , F6 .0 , 12 , 3X, II) 

U  / 

Fig.  49  NAVIGATION  UPDATE  FORlF 

f .  Observation  Post  Parameters  Form  (Fig.  50 ' 

There  are  two  forms  that  must  be  filled  out  for  ground 
sensor  deployment.  The  first  of  these  gives  the  OP  identification, 
the  time  of  ope  at  ion  of  the  OP,  the  probability  of  th"  OP  being 
attrited  during  that  time,  the  number  of  the  type  of  communica¬ 
tion  link  being  used  by  the  OP,  and  the  sensors  employed.  A 
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Fig.  50  OBSERVATION  POST  PARAMETERS  FORM 


aovlng  patrol  should  be  assigned  a  single  Identification  In  the  OP 
column,  as  should  each  fixed  OP.  In  the  remaining  discussion  of 
this  fora,  a  patrol  should  be  considered  as  an  OP. 

The  OP  identification  must  consist  of  four  or  fewer 
FORTRAN  characters.  Each  OP  identification  may  occur  only  once 
on  this  form.  It  is  helpful  to  assign  similar  designations  to 
related  OPs.  For  example,  it  is  possible  to  sioulate  an  OP  using 
its  sensors  intermittently.  This  can  be  done  by  giving  the  OP 
being  simulated  several  different  names  (e.g.,  R26A,  R26B,  R26C) 
with  the  times  entered  on  rhe  form  for  each  successive  OP  identi¬ 
fication  corresponding  to  the  successive  on  and  oif  times  for 
the  sensors.  However,  the  restriction  that  no  more  than  125  OP 
identifications  can  be  used  must  be  observed. 

The  probability  that  the  OP  will  be  attrited  during  the 
stated  operating  time  must  be  supplied  by  someone  knowing  the  dis¬ 
position  and  intent  of  the  enemy  (e.g.,  the  scenario  writer  or 
the  control  team) . 

The  number  of  the  communication  link  used  by  the  OP 
must  correspond  to  the  number  used  in  the  failure  array  for  that 
type  of  communication  link. 

Each  sensor  name  used  on  this  form  must  exactly  match 
one  of  the  sensor  names  entered  in  the  ground  sensors  cura  i  form. 
If  it  is  desired  to  simulate  more  than  four  sensors  at  one  OP 
location,  it  will  be  necessary  to  put  two  OPs  “'t  the  same  location, 
operating  at  the  same  time. 

g  OP/Target  D„ta  Form  (Fig.  51 ) 

The  deployment  of  the  OPs  i,  simulated  by  positioning 
them  on  a  map  overlay.  This  should  be  done  without  Knowledge  of 
all  the  targets'  positions  when  CRESS  is  being  used  in  a  closed 
war  game  or  in  a  simulation  where  the  person  deploying  the  sensors 


should  not  know  the  enemy  positions  (i.e.,  the  players  fill  In 
the  columns  labeled  "OP,"  "OP  coordinates,"  and  "OP  height' )• 

Control  fills  in  the  remaining  columns.  The  centerline  and  the 
entire  angle  of  the  sector  that  each  fixed  OP  is  to  oL-serve  should 
be  indicated  on  the  overlay. 

Coverage  ana  detection  by  each  of  the  ground  based 
systems  deployed  in  the  field  is  critically  affected  by  line-of- 
slrLt  restrictions  caused  by  terrain  and  vegetation.  For  this 
reason,  the  probability  of  line  of  sight  between  an  OP  and  each 
of  the  targets  within  range  of  any  of  the  OP' a  sensors  is  deter¬ 
mined  manually  from  the  map,  rather  then  using  a  simple  probabilistic 
model  in  the  computer.  This  manual  map  chore  is  tedious  and  time 
consuming.  The  following  suggestions  have  been  found  helpful  in 
performing  the  task  of  line-of-sight  determination. 

A  template  of  the  sector  to  be  scanned  should  be  drawn 
cn  a  small  piece  of  acetate  for  each  OP.  This  consists  of 
drawing  the  angle  of  the  sector  to  be  scanned  and  then  drawing 
an  arc  across  this  angle.  The  distance  from  the  vertex  of  the 
angle  to  the  arc  should  correspond  to  the  maximum  range  of  ihe 
sensors  in  the  OP  (see  Fig.  52) .  (Note:  Since  the  computer 
processes  a  target  listed  x  ’  an  OP  by  every  sensor  in  the  Q.t . 
every  sensor  scans  the  same  angular  sector  in  the  simulation.)  The 
same  template  wii.’  -  oably  suffice  for  most  of  the  OPs  that,  are 
using  the  same  types  of  sensors. 
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When  th*  overlay  of  OPs  and  their  associated  template 
are  completed,  the  overlay  should  be  placed  on  the  map  over  the 
overlay  containing  the  targets  (by  someone  allowed  to  see  the 
target  deployment ;  1 .e . ,  the  control  team) . 

To  determine  the  entries  for  the  OP/ target  data  form 
for  an  OP,  tack  the  vertex  of  the  template  for  the  OP  to  the  OP 
a  <1  orient  the  template  with  the  center  of  its  sector  along  the 
indicated  center  of  the  OP  search  sector.  Each  of  the  targets 
inside  the  sector  on  the  template  are  to  be  processed  in  any 
order  desired.  They  are  entered  on  the  form  only  if  the  probability 
of  line  of  sight  between  the  OP  and  the  target  is  determined  to 
be  greater  than  0. 

The  determination  of  line  of  sight  is  done  by  first 
deciding  if  terrain  blocks  the  line  of  sight.  This  is  done  by 
noting  the  elevations  of  the  OP,  target  and  intervening  tc-rain; 
i.e.,  observing  the  contour  lines  and  deciding  if  there  are  any 
ridges  or  hills  between  the  OP  and  target.  Holding  a  string 
tacked  to  the  OP  position  along  the  path  to  the  target  will  aid 
the  eye  in  finding  the  contours  of  interest.  Targets  rtear  each 
other  should  be  processed  at  nearly  the  same  time  in  the  map 
room  since  the  same  contour  lines  will  often  be  under  considera¬ 
tion  for  each  of  the  targets.  If  terrain  does  mask  the  target 
from  the  OP,  that  target  can  be  ignored.  Otherwise  a  subjective 
determination  of  the  probability  of  line  of  sight  must  be  made 

The  persons  ascribing  the  pi ohabilities  of  line  of  sight 
should  become  familiar  with  the  general  area  of  the  scenario 
before  actually  starting  on  the  individual  targets.  They  can  do 
this  by  studying  the  legend  on  the  map  (the  larger  the  scale  the 
better)  and  noting  the  various  types  of  vegetation  markings, 
studying  photographs  of  the  area,  and  talking  to  people  who  have 
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been  in  that  particular  part  of  the  world.  For  individual  OP 
target  pairs,  they  should  consider  factors  such  as  where  an  OP 
is  likely  to  be  located  (looking  across  valleys  or  depressions 
or  looking  up  or  down  a  slope  or  along  level  ground,  roads,  or 
fire  trails  that  a  moving  target  would  cross);  the  density  of  the 
foliage,  the  height  of  the  foliage,  the  posture  of  the  particular 
target,  and  how  likely  it  is  that  the  target  will  take  advantage 
of  vegetation  cover  available.  Some  of  the  elements  of  a  target 
may  be  masked,  while  others  are  in  the  open.  .  1  this  case,  the 
persons  ascribing  probability  of  line  of  sight  should  estimate 
the  percentage  of  the  target  elements  that  would  be  in  the  clear. 
If  it  is  determined  that  a  probability  of  line  of  sight  greater 
than  0  exists,  it  should  be  entered,  with  the  target  number,  on 
the  OP/target  data  form  for  the  OP. 

Patrol  sightings  are  treated  the  same  as  OPs,  except 
that  the  template  depicting  the  patrol’s  coverage  can  be  a  swath 
along  its  planned  path  instead  of  an  angular  sector.  The  coor* 
dinates  of  the  patrol's  position  at  the  time  that  line  of  sight 
exists  must  be  entered.  Also,  it  is  necessary  to  enter  the  time 
that  the  patrol  would  be  at  that  position.  (The  time  entry  must 
be  left  blank  for  fixed  OPs  since  this  entry  indicates  to  the 
computer  whether  a  patrol  is  being  processed;  the  computer  will 
determine  the  simulated  time  of  sighting  for  fixed  OPs.) 

An  elevated  £°nsor  platform  can  also  be  considered  as 
an  OP.  The  only  additional  input  needed  is  the  height  of  the 
platform  above  the  ground.  The  area  of  coverage  of  an  elevated 
platform  at  a  given  position  is  determined  by  the  rant  of  the 
sensor  and/or  the  maximum  angle  from  the  vertical  that  he  sensor 
can  scan.  This  max jl mum  angle  is  usually  dependent  upon  how  the 
sensor  is  mechanically  attached  to  the  platform. 
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5.  Mjacgliaagouji  Cards  for  the  Aerial  Model 

Therm  arm  Many  miscellaneous  items  of  information  that  must 
but  read  into  the  computer  before  the  simulation  can  be  run. 

These  data  are  to  be  punched  on  the  seven  cards  described  in  this 
section. 

A  logical  unit  number  must  be  assigned  for  each  file  opened 
on  the  random  access  disk.  The  aerial  model  requires  five  files 
on  the  disk  unit.  Any  five  positive  integers  less  than  15,  except 
5  and  6,  may  be  used.  (The  card  reader  uses  5,  and  the  line 
printer  uses  6  in  this  program.)  Figure  53  illustrates  the 
necessary  format  for  the  card  that  fixes  these  logical  unit 
numbers . 


FORMAT  (5(12, IX)) 

Fig.  53  LOGICAL  UNIT  NUMBERS  FORM 

An  "SR"  card  must  be  punched  with  the  letter  S  in  column  1 
and  the  letter  R  in  column  2. 

The  sizes  of  various  arrays  are  prescribed  by  the  integers 
read  in  from  two  "size"  cards  (Fig.  54).  The  entries  on  these 
forms  must  state  the  exact  number  of  the  corresponding  items 
occurring  in  the  simulation. 
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Figure  55  illustrates  the  card  form  required  for  a  variety 
of  items.  The  first  three  items  are  used  when  the  computer 
assigns  stances  to  personnel.  The  fo  irth  item  is  used  to  1'mit 
the  size  of  any  false  target  that  might  be  generated.  The  last 
item  states  the  number  of  different  sized  circles  to  be  used  in 
determining  whicn  target  elements  are  within  a  prescribed  distance 
of  each  other  (see  Sec.  II. F  for  a  discussion  of  the  printout 
of  groups  of  target  elements  that  are  within  a  specified  distance 
of  each  other) . 


I 
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15 

20 

25 

Recognition 
class  of 

nets 

Recognition 
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personnel 

Object  type 
number  of 
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a/ 

Total  number- 
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allowed  in 
false  target 
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radii  for 
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7 

15 

61 

10 

. 

a/  This  number  is  exclusive  of  personnel . 
b/  5  is  the  maximum  allowed. 


FORMAT  (1015) 


Fig  55  MISCELLANEOUS  INFORMATION 
(AERIAL)  FORM 


Figure  56  illustrates  the  form  for  more  required  items.  The 
maximum  probability  for  detection,  recognition,  and  .aentifi  „gn 
by  photographic  systems  can  be  set  arbitrarily;  usually  it  should 
be  given  the  value  1.0  (see  Sec.  II.B.ll  for  a  discussion  of  the 
enhancement  in  detection  expected  as  a  result  of  directed  search; 
see  Sec.  II. B. 7  for  a  discussion  of  false  target  generation). 
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Table  21  lints  the  topics  .hat  are  bypassed  by  the  computer 
when  a  1  Is  entered  in  the  corresponding  column  on  the  option 
card  (Fig.  57).  All  the  entries  in  Table  21  must  be  keypunched; 
the  tenth  card  must  be  blank  in  columns  2-49 . 

Table  21 

SUPPRESSION  OPTIONS 


6.  Miscellaneous  Cards  for  the  Ground  Model 

The  ground  model  requires  four  files  on  the  disk  unit . 

Any  four  positive  integers  less  than  15,  excent  5  and  6,  may  be 
used.  The  card  reader  is  assigned  the  number  5,  and  the  line 
printer  uses  the  number  6  in  this  program.  Figure  58  illustrates 
the  format  for  the  necessary  card. 
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NDXS 
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!  9 

10 

ay  These  are  the  names  of  storage  files  (cr  arrays)  on  disk 
FORMAT  (4(12, IX)) 

Fig.  58  LOO  I  CAT  UNIT  USbNRS  (GROUND)  FORM 

The  integers  enteied  into  the  ground  size  card  form  (Fig.  59) 
preserf the  sizes  of  arrays  to  be  used  in  the  simulation. 

Figure  60  illustrates  the  required  formats  for  the  remaining 
cards  needed  by  the  ground  model .  The  probabilities  of  detection 
are  cumulative  over  a  period  of  time  in  the  ground  model  (see 
Sec.  II. C.  for  discussion).  In  the  simulation  model,  approxi¬ 
mately  90  percent  of  what  is  going  to  be  seen  by  a  sensor  will 
be  reported  at  the  time  that  the  sensor  and  target  are  both  valid, 
approximt *elv  another  *  percent  will  be  reported  delta  t  minutes 
lat-"  ,  and  another  2.5  percent  will  be  reported  a.--'*her  delta  t 
1  ter.  The  delta  t  can  be  fixed  by  the  ser  of  CRESS.  Twenty 


minutes  were  used  for  delta  t  while  testing  CRESS.  The  average 
accuracies  (CEPs)  of  locating  the  fixed  OPs  and  patrols  are  to 
be  supplied  in  accordance  with  the  i,  'hods  used  for  fixing  loca¬ 
tions.  The  other  items  in  Fig.  60  ar ,  ther  self-explanatory 
or  discussed  in  the  aerial  model  miscellaneous  forms  paragraphs. 
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Fig.  60  GROUND  ISCEIlANSGUd  INFORMATION 
CARDS  JRMS 
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F. 


Computer  Output 


The  Aerial  and  Ground  computer  models  both  provide  two 
different  copies  of  the  sensor  systens'  performance:  the  Con¬ 
trol  Copy  and  the  Intelligence  Copy.  In  addition,  the  Aerial 
Model  provides  a  checklist  of  the  options  selected  for  the  run 
and  a  listing  of  ail  groups  of  sighted  elements  that  are  within 
specified  radii  of  each  other. 


The  Control  Copy  displays  essentially  all  the  information 
about  the  interaction  of  the  sensor  systems  and  the  targets 
that  the  computer  processes.  This  copy,  meant  for  the  control 
tea®  in  closed  v/ar  games,  could  also  be  used  as  the  sole  out¬ 
put  for  (1)  sensitivity  analyses;  (2)  producing  tables  of  pro¬ 
babilities  of  detection,  recognition,  and  identification; 

(3)  sensor  systems  comparison  studies;  and  (4)  any  other  types 
of  studies  that  do  not  squire  an  output  copy  that  displays 
only  the  information  normally  available  to  a  sensor  system  user 
<i.e.,  the  Intelligence  Copy). 


1.  Aerial  Model 

T1h  first  output  to  be  printed  is  a  list  of  the  options 
(Fig.  61)  that  were  selected  during  the  run.  An  X  indicates 
that  the  feature-  described  was  not  simulated. 
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THE  FOLLOWING  OPTIONS  ARE  SUPPRESSED 


X  NAVIGATION  ERROR  OF  PLATFORM 
X  ATTRITION  DUE  TO  ENEMY  GROUND  FIRE 
X  FAILURE  OF  PLATFORM,  SENSOitS,  LINKS,  OR  NAV  SYS 
MISIDENTIFICATION  OF  TGT  OBJECTS 
MULT I S PECTRAL  ENHANCEMENT 
GENERATION  OF  FALSE  TARGETS 
AGGREGATION  INTO  POSSIBLE  AREA  TGTS 
TIMELINESS  DUE  TO  HANDLING  OF  DATA 
X  VEGETATION  COVERAGE 

Fig.  01  OPTIONS,  JRES3-A 

Figure  62  is  an  illustration  of  the  Control  Copy  format 
for  the  "-'rial  Model.  The  computer  prints  the  results  of  each 
simulated  reconnaissance  flight  by  printing  out  flight  and 
equipment  ^formation  and,  for  each  RS  area  in  order  of  over¬ 
flight,  the  performance  of  the  sensors  aboard  the  aircraft 
against  each  of  the  targets  that  was  covered  by  (i.e.,  within 
range  of)  any  sensor  aboard  the  aircraft.  The  time  of  over¬ 
flight,  target  designator,  report  number  assigned,  and  distance 
(in  meters)  from  the  ground  track  of  the  aircraft  are  printed 
for  the  target.  The  number  of  moving  target  elements  detected 
is  reported,  if  any,  and  targets  detected  by  reconnaissance  by 
fire  are  reported.  The  performance  of  each  sensor  aboard  the 
aircraft  against  each  object  in  the  target  is  then  printed, 
including  misidentif icstion  and  misrecognitxon  of  objects.  If 
more  than  one  censor  (not  counting  reconnaissance  by  fire)  is 
being  used,  the  performance  cf  th  sensors  used  as  a  single 
composite  system  is  printed  under  the  columns  labeled  MULTI. 
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The  probability  of  line  of  sight  printed  beside  each  sen¬ 
sor  naas  is: 

P(L06)  *  (Improbability  of  terrain  masking)  x  (1-pro¬ 
bability  of  cloud  masking)  x  (1-prooability 
of  vegetation  masking) 

The  probability  of  terrain  masking  depends  on  the  aircraft's 
altitude  and  horizontal  distance  to  the  target.  The  probabili¬ 
ties  of  cloud  masking  and  vegetation  masking  are  both  dependent 
on  the  sensor  since  rcdar  is  the  only  3ensor  type  that  can 
sense  target  elements  through  clouds  and  IE  is  the  only  sensor 
type  modeled  that  can  tense  target  elements  through  foliage. 

For  each  object  type  In  the  target,  a  line  of  output  con¬ 
taining  the  number  present,  type,  recognition  class  nurt  r,  and 
detection  class  number  is  printed.  On  *his  same  line,  for  each 
sensor  aboard  the  aircraft,  the  following  is  printed: 

a.  Probability  of  detection  (given  no  terrain  masking 
and  no  cloud  masking;  but  including  a  factor  for 
vegetation  masking) 

b.  Probability  of  recognition  given  detection 

c.  Probability  of  identification  given  recognition 

d.  Number  of  objects  detected  (includes  recognized  and 
identified  objects) 

e.  Number  of  objects  recognized  (includes  identified 
objects ) 

f.  Number  of  objects  identified 

-1  is  printed  under  Pd  (probability  of  detection)  for  each 
sensor  that  does  not  cover  the  target. 
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If  an  object  is  misidentif led  (or  misrecognized) ,  lines 
of  print  will  occur  immediately  after  the  object  line  of  print 
described  above  giving  the  name  of  the  object  (or  recogr’tion 
class  name)  that  the  bonafied  object  ..s  mistakenly  thought  to 
be  and  the  numbers  of  these  identified  (or  recognized). 

The  report  time  is  the  time  that  a  report  about  the  target 
reaches  the  intelligence  center.  This  time  reflects  the  time 
necessary  for  imagery  handling,  processing,  and  interpreting, 
but  not  the  intelligence  processing  time. 

In  order,  me  four  CfiPs  given  are  those  for  no  map  error 
inct rporated .end  Class  A,  B,  and  C  map  errors  incorporated. 

When  the  data  for  all  the  targets  in  the  RS  area  have  been 
printed,  the  false  targets  generated  for  that  RS  area  (if  any) 
are  printed  in  the  same  format  as  for  the  bonafide  targets. 
However,  no  probabilities  "re  recorded,  ar.a  objects  are  recog¬ 
nized  only  (see  Section  II. B. 7  fos  a  discussion  of  false  target 
generation) . 

This  type  of  date  is  repeated  for  each  RS  area  on  the 
flight.  If  a  piece  of  equipment  fails  during  the  flight,  a 
massage  specifying  the  failure  will  be  printed  out  at  the  simu¬ 
lated  time  of  failure. 

When  the  above  data  f;  the  flight  have  been  printed,  the 
groupings  of  reported  tar-  ts  that  are  within  each  specified 
radius  are  printed.  The  intelligence  team  can  use  this  area 
output  (Fig.  63)  as  an  aid  in  determining  which  reported  tar- 
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get  element  *  eight  be  combined  to  form  part  of  larger  enemy 

unit . 


THE  ELEMENTS  DENOTED  BY  THE  FOLLOWING  REPORT  NUMBERS  ARE  RE¬ 
PORTED  WITHIN  500  METERS  OF  EACH  OTHER 

6  MA  667803 

8  MA  665812 

9  MA  664809 

THE  ELEMENTS  DENOTED  BY  THE  FOLLOWING  REPORT  NUMBERS  ARE  RE¬ 
PORTED  WITHIN  500  METERS  OF  EACH  OTHER 

2  MA  671815 

3  MA  670618 

1  MA  670814 

5  MA  <>70821 

7  MA  666819 

Fig.  63  TARGET  ELEMENT  CLUSTERS 

After  the  data  for  all  flights  lu  t  been  process cJ  and 
printed,  the  Intelligence  Copy  (Fig.  6'.)  is  prlnte*  The  re¬ 
ports  coining  to  the  intelligence  tea-  'r<  ^ l  aerial  sensor 
systems  ere  e  .ered  chron-  logically  ,ht  u  r,ut .  luese  re¬ 
ports  include  the  equipment  failure  .  ne  atti *tion  me*  age  ~  and 
the  sensor  >ports  of  target  elements 

All  rope  Ls  x..  tue  Intelligence  °opy  c-'nceri—J  ’th  lighting 
of  target  elements  contain  the  time  that  the  repur ■  cached  the 
intelligence  tear-';  the  repor1  number  assigned  to  tr...  "roup 
target  elements  reported  (ev"^y  sen.ror  aboard  an  aircraft  uses 
i.ie  same  report  number  tor  the  same  target  elements  sighted  on 
any  one  leg);  the  time  that  the  imagery  was  tab  u:  the  fright 
number;  the  type  of  aircraft;  the  navigation  pm  used;  the 

horizontal  distance  fi oa.  the  flight  path  to  .he  f  •  '*  aments; 


s 
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the  target  elements'  reported  position  (thit  may  be  different 
than  their  actual  position);  location  accuracies  (no  map  error, 
and  Class  A,  B,  and  C  errors  included);  RS  area  of  flight;  air¬ 
craft  altitude  and  speed;  the  number  of  moving  objects  detected 
(this  can  be  nonzero  only  if  an  MTI  radar  is  being  used);  the 
results  of  reconnaissance  by  fire  (O-not  used,  1-no  detection, 
2-return  fire  detected);  the  sensor  system  generating  the  re¬ 
port;  and  the  number  of  elements  identified,  recognized,  and 
detected.  On  the  Intelligence  v.opy,  the  elements  identified 
are  not  included  in  the  count  of  elements  recognized,  and  simi¬ 
larly  the  elements  recognized  are  not  included  in  the  count  of 
elements  detected;  i.e.,  the  target  oiements  are  exclusively 
reported  at  the  highest  level  of  detail  attained.  (This  is 
different  from  the  Control  Copy  in  which  the  elements  were  re¬ 
ported  inclusively;  the  reported  detections  contain  the  reported 
recognitions,  which  in  turn  contain  the  reported  identifications,) 
For  example,  if  one  T-62  Tank  is  reported  as  identified,  two 
TRACKED  VEH  are  reported  as  recognized,  and  three  MFO  LAND 
OBJECT  are  reported  as  detected  on  the  Intelligence  Copv,  a 
total  of  six  different  objects  have  been  reported. 

The  mis  identified  and  mis recognized  objects  have  been  com¬ 
bined  with  the  bonafide  identification'-  and  recognitions,  res¬ 
pectively.  The  elements  oi  a  generated  false  target  are  re¬ 
ported  in  the  same  way  as  for  a  bonafide  target.  Thus,  any 
group  of  elements  reported  on  the  Intelligence  Cony  may  contain 
any  possible  combination  of  bonafide,  incorrectly  identified 
or  recognized,  and  false  target  elements.  (The  true  Identity 
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of  the  reported  elements  can  be  found  by  referring  to  the 
corresponding  flight  and  report  group  on  the  Control  Copy.) 

After  all  the  reports  have  been  printed,  the  computer 
prints  the  final  value  - 2  the  pseudo-random  number  and  is 
finished  with  the  aerial  simulation  until  4 he  human  intelligence 
analysts  assess  the  output,  schedule  more  flights,  and  t  ibmit 
anothe"  run. 

2.  Ground  Model 

The  Ground  Control  Copy  (F  ,  65)  is  essentially  the  same 
as  the  Aerial  Control  Copy,  with  two  differer  es .  First,  the 
reports  a.i  ..  OP  by  OP  instead  of  flight  by  flight.  Second,  the 
output  manifests  the  _iea  of  cumulative  searching  over  time 
(veisos  the  snapshot"  look  used  in  the  Aerial  Model)  by  pr  - 
seating  -  first  contact  report  at  the  time  of  the  first  possible 
sighting  sue*  reded  by  two  more  reports  spaced  by  an  interval 
of  time  prescribed  by  ‘he  u=er.. 

The  first  contact  T eport  probabilities  of  detection  re¬ 
present  °9  percent  of  the  sensors  capabilities  for  detection. 
The  sec— >id  rep  >.rt  r  -nresents  an  additional  5  pert  nt  of  the 
sensors'  capable  ties,  and  the  third  report  repret  nits  another 
2.5  percent  of  the  sensors'  capabilities.  (The  time-  oi  ’"be 
reports  are  given  at  the  bottom  of  each  report.)  Thus,  the 
probabilities  of  detection  are  always  less  on  the  second  and 
third  reports,  but  the  probabilities  of  recognition  and  iden¬ 
tification  remain  the  same  s  inci  these  probabilities  art  con¬ 
ditional  on  having  detection  and  recognition,  respectively. 
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Fig.  65  CONTROL  COPY — CftE3S~G 


Note,  however,  that  the  numbers  of  objects  printed  on  a  report 
represent  a1!  the  objects  that  have  been  detected,  recognized, 
and  identified  up  to  the  time  of  the  report.  For  example,  a 
probability  of  detection  of  .02  may  be  given  on  the  third  re¬ 
port  for  each  of  128  objects  of  one  type  in  the  target,  yet 
65  objt3cts  of  that  type  may  be  reported.  The  reason  for  this 
can  be  seen  by  checking  the  probability  of  defection  for  the 
same  sensor-object  type  combination  on  the  initial  '•ontact 
report:  the  probability  there  may  oe  .55. 

After  all  the  bonafide  tarots  covered  by  the  OP  have  been 
"chested,  false  target  information  is  generated  and  printed 
(see  Section  II.B  far  discussion). 

Whenever  any  equipment  fails,  a  failure  message  is  printed. 
When  the  equipment  is  repaired  or  replaced  (simulated  by  the 
computer),  reports  of  further  contacts  are  printed.  Similarly, 
when  a  taiget  moves  sway  or  the  CP  ceases  to  operate,  a  lost 
contact  message  is  printed  for  those  target  elements  that  ..ave 
been  report eu,  unless  the  time  corresponds  with  the  end  of  the 
time  per iod  for  the  simulation. 

flic  Ground  Model  •  elliger.ee  Copy  (Fig.  66)  is  similar 
in  almost  every  respect  to  too  Aerial  Model  Intelligence  Copy, 
in  particular,  the  remarks  pertaining  to  the  numbers  of  objects 
1-,'vr’ed  are  still  applicable.  The  reports  are  ordered  by  time 
of  report.  The  time  printed  is  the  time  of  the  report  from 
the  CP,  Normally,  if  there  is  more  than  one  sensor  in.  an  OP, 
the  list  -•  of  target  ol -.'N.en ts  sighted  by  earn  sensor  in  the  OP 


I  85 


<roo 


I4li>  O  3  0  0 


Hkll 

Joeo 

*-  7  O 
MKtK 

o  r 

ui 


&  >  «  -» 

s  s  ll 

«<  uy;;j 

0»N4COl 

*  *1  w  K  4  y  w 

-  a  z  *-  K  1 1 
a.  S  ^  ^ 
o  • 

-•*  '->  * 

*  3  «l‘ 

*•  y*x 

o  3 


3  0  0  0  0 

S5i 

M*  *4  x 
C  Jt 


e 

'4  J 
O^M 
*  O  •-• 

—  Z  3 

S  9 

O  o  o  o  o  c 

*--x  y 


3? 

Z  -J 

Si 

x  x 

y  04 
x.  z»  -i 
x  o 
3  jJ  X 

d  Z  X.  x 

o  *-«  3 

3  C  3  -*>  ^ 

*M  :  n 

^  J4  O  2 

■*.  i.  *-  x  2 

-  <  /!  a  i 


Of  ®  *  J  * 

«  I  34 

>  t  *j  o  e 

f-  7  4- 

Z  \  Z  X  ■"• 

o  o  *-  -J 

(3  3  ^  3  *i 

4/  I  T  2  I 

j  -*  J  ^  O  2 

3  *  X  >-  X  « 

4  -  €  l/)  X  t 


z  3  0  o  r 
J  'J 
4  -*  3 
—  S  -x 


3  i 

9  Z  -I  X 

fti  .T4U 

c  *  Z  z 

«  X  Z  At 

x  Ui  OX  » 

X  -fl  -  -J 
X  o 
3  A*  »-  x 

o  -*  -J  3 

o  O  O  4#  ^  X 

4  12  11  I 

.  J  4  3  Z  Z 

V.  1.  I-  T  4  < 

«  i/>  3.  X  T 

►» 

£  >\,  r»  43  *+  ►■ 

o  Jj  -4 


186 


Fig.  66  IHTKLLIWSNCK  COPY— CRESS-G 


will  occur  consecutively  on  the  Intelligence  Copy.  If  equip¬ 
ment  failure  occurs  this  grouping  of  reports  on  a  target  from 
sensors  in  the  same  OP  may  be  disrupted.  The  coordinates  of 
the  OP  are  printed  directly  below  the  OP  designator,  and  the 
coordinates  of  the  sighted  target  elements  appear  directly 
below  the  report  group  label. 
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Ill  DIRECTIONS  FOR  COMPUTER  PROCESSING  AND  ANALYSIS 

A.  General 

I .  Possible  Program  Changes  Required 

The  Aerial,  Ground,  and  SIGINT  models  are  run  separately 
on  the  computer.  They  are  all  programmed  in  FORTRAN  IV  f>>r 
the  CDC  6400  computer,  131K  core  storage,  and  random  dlBk 
auxiliary  storage.  With  the  exception  of  the  input/output 
(I/O)  statements  for  the  random  disk,  the  programs  conform  to 
ASA  standard^,  A  maximum  of  four  alphanumeric  characters  are 
stored  in  an-  storage  location.  Thus,  if  the  I/O  statements 

for  dish  are  changed  to  conform  with  the  computer  installation 
chosen,  ‘-he  programs  should  run  on  any  other  machine  th?t  has 
at  least  a  24-bit  word  length  and  the  corresponding  core  ana 
disk  storage. 

iiio  large  computer  programs  and  the  large  arrays  used 
combine  to  make  the  use  of  a  32K  core  storage  machine  unaccep¬ 
table  for  either  the  Aerial  or  Ground  models.  The  Ground  Model 
can  be  modified  to  run  on  a  65K  machine  (1  word  per  real  num¬ 
ber  capability)  with  a  random  access  disk  by 

(a)  reading  the  two  large  arrays  TGTVAR(9, 750)  and 
TGTOBJ (43, 750)  onto  disk  instead  of  into  core 
when  they  are  initially  read  in  subroutines 
RDTGTV  and  TAROBJ,  respectively; 

(b)  after  reading  in  the  OP/TGT  card  in  subroutine 
PROCES,  reading  the  columns  of  TGTVAR  and  TGTOBJ, 
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corresponding  to  the  target  to  be  processed  from 
disk  into  the  one  dimensional  arrays  TGTVR (9)  and 
TGT'JB(43),  respectively;  and 

(c)  replacing  the  two  dimensional  array  names  TGTVAR 
and  TGTOBJ  by  the  one  dimensional  array  names 
TGTVR  and  TGTOB,  respectively,  wherever  the 
former  occur  in  the  current  CRERS-G  program. 

Since  these  changes  require  only  two  calls  for  information 
filed  on  disk  per  target  processed,  approximately  .3  of  a 
second  of  extra  computer  time  per  target  processed  would  be 
required  on  a  65K  core  storage  computer  (processing  time  on 
the  131K-CDC  6400  is  approximately  ,3  seconds  per  target). 

The  Aerial  Model  can  also  be  adapted  to  run  on  a  65K  core 
stcrage  computer  (1  word  per  real  number  capability)  with  a 
random  access  disk.  After  the  target  variable  data  have  been 
read  into  TGTVAR (14, 750)  in  subroutine  PDTGTV,  TGTVAR  should 
be  read  into  an  array  TGTVR(14, 750)  on  di3k.  To  save  core 
storage,  the  array  CLUSTRGOO,  102)  in  subroutine  AREA  should 
be  set  in  EQUIVALENCE  with  TGTVAR,  This  EQUIVALENCE  statement 
will  cause  the  contents  of  TGTVAR  to  be  altered  whenever  CLUSTR 
is  used  in  subroutine  AREA  near  the  end  of  the  processing  for 
a  flight,  after  the  array  TGTVAR  is  r,o  longer  needed  for  the 
flight.  Thus,  TGTVAR  must  be  reset  at  the  beginning  of  the 
processing  for  each  flight.  To  do  this,  all  that  is  required 
is  that  the  instructions  necessary  to  read  TGTVR  from  the  disk 
into  TGTVAR  be  inserted  as  the  first  executable  statements  in 
subroutine  FLTIN. 
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The  er ray  TGTOBJ (43, 750)  will  also  have  to  ee  stored  on 
disk  Instead  of  in  core  storage  when  it  is  initially  read  in 
subroutine  TAROBJ.  Each  column  of  this  array  contains  the 
object  composition  of  a  target.  Whenever  objects  of  a  parti¬ 
cular  target  enter  into  the  processing,  it  will  be  necessary 
to  have  the  column  of  TGTOBJ  corresponding  to  that  target  in 
core  storage.  This  can  be  done  by  replacing  TGTOBJ  by  a  one¬ 
dimensional  array  TGTOB(43)  everywhere  that  TGTOBJ  occurs  in 
the  current  program  and  making  sure  i.hat  the  column  for  the 
correct  target  has  been  read  in  from  disk  before  TGTOB  is  used. 
This  can  be  done  by  reading  fro?  TGTOBJ  on  disk  into  TGTOB 
in  cere  storage  at  the  places  in  the  prog. ’w  indicated  in 
Table  22, 

Table  22 

POSITIONS  OF  REPLACEMENT  OF  TGTOBJ  BY  TGTOB 


Subroutine 

Line 

Column  of  TGTOBJ 

FLYRS 

1st  statement  after  statement  40 

K 

TURNAA 

1st  statement  after  statement  80 

K 

PROCES 

6  statements  before  statement  50 

TNO 

The  additional  cost  in  time  caused  by  accessing  the  disk 
will  be  approximately  .15  seconds  per  flight  to  read  in  TGTVAR 
*nd  approximately  .45  seconds  for  each  target  processed  by  the 
sensors  on  the  flight  to  read  in  the  TGTOB  data  (orocessing 
time  on  the  J.3IK-CDC  6400  is  approximately  .5  seconds  per  tar¬ 
get).  The  SIGINT  model  an  be  run  on  a  32K  word  core  storage 
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machine  as  it  is,  with  the  possible  exception  of  the  disk  I/O 
statements . 

The  subprogram  to  generate  pseudo-random  numbers  in  each 
of  the  models  is  also  dependent  on  t'.c  machine  and  will  require 
a  change  to  use  a  uniform  pseudo-random  number  generator  com¬ 
patible  with  the  machine  to  be  used.  Most  computer  centers 
maintain  a  library  of  coasc-niy  used  subprograms.  One  of  their 
uniform  random  number  generators,  on  the  interval  from  0  to  1, 
should  be  used  in  the  subprogram  RANDOM(Z)  to  fix  the  value 
of  Z. 

When  the  above  programming  changes  have  been  incorporated 
(if  they  are  necessary)  the  programs  will  be  ready  to  be  run. 

The  programs  can  be  compiled  and  run  directly  from  the  FORTRAN 
source  deck,  or  a  binary  deck  car.  be  punched  by  the  computer 
and  used  on  subsequent  runs.  It  will  be  more  efficient  to  use 
a  binary  deck  of  the  program,  if  the  program  is  to  be  run 
several  times.  The  U£«r  should  consult  with  a  systems  analyst 
at  the  computer  center  for  the  simple  procedures  for  obtaining 
and  running  a  binary  deck. 

B.  Data  Collation  and  Computer  Processing 

Each  of  the  three  programs  require  a  large  amount  of  in¬ 
put  data.  Extreme  care  should  be  ':3ed  in  preparing  these-  data 
for  computer  use  since  the  computer  will  tolerate  few,  if  any, 
errors.  Extreme  care  will  result  in  few  errors,  but  it  is  still 
likely  that  errors  in  the  data  will  occur.  The  general  sugges¬ 
tions  below  should  be  helpful  in  finding  errors  before  the  com¬ 
puter  runs. 
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After  all  the  cards  are  punched  from  one  form  (i.e.,  the 
same  format),  they  should  he  listed  before  they  are  mixed  with 
cards  punched  from  anotner  form.  Visual  examination  of  the 
listing  should  quickl*  reveal  any  deviation  from  the  format, 
since  all  the  entries  for  one  field  of  information  will  occur 
in  a  column.  Without  checking  the  individual  lines  of  the 
listing  against  their  sources,  a  quick  check  can  be  made  to 
ensure  that  every  entry  in  a  column  is  reasonable  (i.e.,  within 
bounds  for  that  field  of  information). 

Since  most  of  the  alphanumeric  information  is  used  in  a 
computer  search  to  identify  the  particular  item,  execution  will 
stop  if  the  alphanumeric  information  cannot  be  identified.  For 
this  reason,  it  is  particularly  important  that  all  alphanumeric 
fields  of  information  be  decked  for  consistency  anc!  correct 
alignment  (e.g.,  0V-1D  is  not  the  same  as  OVID), 

After  the  keypunched  data  from  each  form  have  been  double- 
checked  in  the  above  manner,  the  cards  should  be  collated  into 
a  deck  structured  according  to  the  instructions  in  this  hand¬ 
book  for  the  program  being  run  (the  instructions  for  CRESS-A 
and  CRESS-G  appear  below;  CKESS-S  instructions  are  listed  in 
Sec,  II.D),  The  data  should  b«  listed  again.  The  order  of  the 
different  types  of  cards  should  then  be  checked  against  the 
order  of  the  read  statements  in  the  FORTRAN  computer  program. 
This  should  ensure  that  no  cards  are  missing  or  out  of  place. 

This  may  appear  to  be  lot  of  checking;  however,  it  is  not 
time  consuming  and  it  is  important.  If  a  mistake  occurs  in  the 
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data,  an  execution  stoppage  i?  likely  to  occur.  If  it  does 
not,  there  is  a  good  chance  tnat  large  amounts  of  the  output 
will  be  erroneous.  Thus,  the  time  and  care  for  checking  the 
data  thoroughly  are  mandatory. 

1 .  Aerial  Model  Peck  Structure 

The  input  data  must,  be  punched  in  the  formats  specified 
in  Section  II.E.  The  cards  must  be  collated  in  the  order  of 
the  entries  in  Table  23  for  the  computer  run.  The  entries  in 
Table  23  are  for  a  card  deck  prepared  for  the  CDC  6400  computer. 
If  the  program  is  run  on  another  computer,  the  control  cards 
and  the  cards  between  the  program  and  data  may  be  different 
and  should  be  checked  with  a  systems  analyst  at  the  computer 
center . 

When  the  data  are  collated  in  the  order  indicated  in 
Table  23,  they  are  ready  to  be  submitted  to  the  computer  for 
processing.  The  first  run  on  the  computer  should  include  only 
one  or  two  flights.  If  the  data  read  incorrectly,  the  output 
should  appear  in  the  coriect  format  and  have  reasonable  values. 
When  this  happens,  the  entire  set  of  flights  should  be  sub¬ 
mitted  for  the  production  run  for  Aerial  sensors. 

If  an  error  is  present  in  the  data,  it  is  likely  that  an 
execution  stoppage  will  occur  at  or  just  -.iter  the  road  state¬ 
ment  that  attempts  to  read  the  erroneous  datum.  The  posit  on 
in  the  program  where  the  abnormal  stop  occurred  will  usually 
indicate  where  the  error  is  in  the  data.  If  many  errors  are 
encountered  in  the  data,  it  is  recommended  that  write  statements 
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Table  23 


AERIAL  PROGRAM  CARD  DECK  ORDER 


Type  of  Cards 


SCOPE  control  cards 

FORTRAN  program  deck  for  Aerial  Model 

A  card  with  7  8,  9  level  punches  in 

Column  1 

Logical  unit  numbers  card 
Initial  value  of  random  number  card 
Situation  heading  card 
SR  (Columns  1  and  2)  card 
Size  cards  1  and  2 
Miscellaneous  information  card  1 
False  target  maximum  card(s) 
Miscellaneous  information  card  2 
Map  errors  card 
Map  grids  card 

Error  ellipse  to  CEP  conversion  card 
Report  criteria  card 

Special  object  list  v'-d  (if  required) 

Area  targets  radii  c,  »x! 

Probability  curves,  d'~ital  form — NNP, 
PPPDS ,  PPPI,  PPPR,  YY,  ;:H,  '*V>.  PMR, 

PMS,  SSN,  IIPDS,  NN'i ,  1 1  PH,  SSNR, 

PPDRS,  NNRE.  PPKR,  PPIR,  SSNMTI,  PPDMS , 
PPA,  HR I 


Table  19 


Table  18 


Appendix  A 
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Table  23  (continued) 


AERIAL  PROGRAM  CARD  DECK  ORDER 


m 

Type  of  Cards 

FiB are  or  Table 
Containing  Format 

Attrition  capability  cards  Cif  played) 

29 

1  20. 

i 

Atmospheric  parameters  cards 

37 

21. 

Background  characteristics  cards 

27 

^2 « 

Object  characteristics  cards 

23 

to 

(jC 

Detection  classes  cards 

i 

24 

24. 

Recegnjti.un  classes  card3 

24 

25. 

Target  variables  cards  (ordered  by 
target  group) 

26 

2  j  . 

Men/net  designation  card 

43 

27. 

Posture-men  array  cards 

22 

28. 

Target  objects  cards 

25 

29. 

f 

Multisensor  enhancement  coefficients 

cards 

Table  4 

Aircraft  Mio.  c..>rds 

28 

31. 

Air  navigation  systems  cards 

33 

32. 

Navigation  systems  MTBF  cards 

34 

33. 

Camera  systems  parameters  cards  (if 
played) 

Appendix  I 

34. 

IR  sensors  parameters  cards  U.f 
played) 

i 

Apnend xx  I 

35. 

j 

i 

1 

Radar  systems  parameters  cards  (if 
flayed ) 

Appendix  I 

i 

36. 

Visual  sensors  parameters  cards  (if 
played) 

Appendix  I 
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Table  23  (continued) 


AERIAL  PROGRAM  CARD  DECK  ORDER 


Type 


of  Cards 


Figure  or  Table  1 
Containing  Forfoatj 


Laser  sensor?  parameters  cards  (If 

Appendix  I 

played ) 

TV  parameters  cards  (if  played) 

Appendix  I 

Reconnaissance-by-fire  sensor  para¬ 

Appendix  1 

meters  (if  played) 

Data  link  MTBF  cards 

30 

Timeliness  factors  car 

32 

Each  flight  mus i  have  the  remaining 
set  of  data  crrds  in  the  ~rd nr  listed. 


Flight  parameters  card 


45 


Flight  instrumentation  card 


46 


I  iacL  KS  area  must  hare  the  remaining 
se'’  of  data  cards  in  the  order  listed. 

{  Ss  */ Ration  uyxi ate  card  (present  only 
j  if  updated  *iuoe  last  RS  area  or  take 

i  ofi) 

i  RS  area  description  card  1 

! 

RS  urea  Description  card  2 

Repeat  card  types  -*2  through  45  for  all 
flignts.  End  the  card  deck  with  the 
following  two  cards. 


49 

47 

48 


A  card  with  7,  8,  and  9  level  punches  j  —  j 

in  Column  1  | 

i 

t 

A  card  with  6,  7,  8,  and  9  level  punches  —  j 

in  Column  1 


b*  inserted  after  the  reed  statement?  la  the  subroutines  SCKNIN 
RDTCJTV,  itbd  TARfJBJ  to  e?t:; ure  that  tbs  dsts  are  being  atorec. 
corvectly. 

Wien  all  the  data  errors  have  been  fecund  and  corrected, 
the  program  aad  data  d  ck.  with  all  fcfca  flights  t«  be  slnulated 
should  be  submitted  to  the  computer  lor  the  production  run. 

2.  Ground  Model  Peck  Structure 

The  input  datf,  must  be  punched  in  the  formats  specif  led 
in  Section  II  .K,  The  cards  »ust  be  collated  in  the  order  of 
the  entries  in  Table  24  for  the  computer  run.  The  remarks  con¬ 
cerning  the-  initial  run  of  the  Aerial  Model  al30  apply  to  the 
first  run  oi’  the  Ground  Model;  only  a  few  OP/TGT  cards  should 
be  used  until  the  data  read  in  are  checked.  After  the  data 
have  been  reed  in  successfully,  all  the  OP/TGT  cards  fo’*  the 
desired  atmospheric  condition  should  be  used  for  a  production 
run . 

C.  Analysis 

CRESS  is  designed  to  be  a  tool  for  use  in  a  variety  of 
R&S-.velated  studies.  As  such,  it  should  always  be  viewed  in 
the  setting  it  occupies  within  the  framework  of  the  study 
using  it.  Accordingly,  the  results  of  the  compute:'  simulations 
performed  by  CRESS  should  be  examined  within  the  constiaints 
nnd  context  of  the  parent  study. 

However,  it  should  be  recognized  that  the  computer  output 
is  not  the  only  thing  gained  in  using  CRESS.  Performing  the 


Table  24 


GROUND  PROGRAM  CARD  DBCX  ORDER 


Order 

Type  of  Cards 

figure  or  Ta  )le 
Containing  Format 

1. 

SCOPE  control  cards 

Computer  Center 

2. 

FORTRAN  program  deck  for  Ground  Model 

— 

3. 

A  card  with  7,  8,  and  9  level  punches 

In  Column  1 

— 

4. 

Logical  unit  numbers  (Ground)  card 

58 

5. 

Situation  heading  card 

42 

6. 

Report  criteria  card 

39 

7. 

Special  object  list  card  (if  required) 

40 

8. 

Expected  ratio  of  false  target  elements 
to  detected  elements  card 

60 

9. 

Ground  size  card 

59 

10. 

Map  errors  card 

Table  19 

Up 

Map  grids  card 

38 

12. 

Error  ellipse  to  CEP  conversion  card 

Table  18 

13. 

Average  CEPs  for  QPs  and  atrols  card 

60 

14. 

Probability  curves,  digital  form — h'NP, 
PPPDS,  PPPI,  PPPR.  SSN,  UPDS,  NNT, 

I I PR,  IIP!. 

Appendix  A 

15. 

Atmospheric  parameters  cards 

37 

16. 

Atmospheric  parameters  index  card 

60 

17. 

Background  characteristics  cards 

1  27 

18. 

Object  characteristics  cards 

23 

19. 

Detection  clashes  cards 

21 

ID  9 


Table  24  (continued) 


GROUND  PROGRAM  CARD  DECK  ORDER 


2m 

< 

Type  of  Cards 

Figure  or  Table 
Containing  Format 

20. 

Recognition  classes  cards 

24 

21. 

Target  variables  cards 

26 

22. 

Men/net  designation  card 

43 

23. 

Posture-men  array  cards 

22 

24. 

Target  objects  cards 

25 

25. 

Multisensor  enhancement  coefficients 

cards 

Table  4 

26. 

Ground  communication  link  failure 

cards 

31 

27. 

IR  sensors  (Ground)  cards  (if  played) 

Appendix  I 

28. 

Laser  sensors  (Ground)  cards  (if 
played) 

Appendix  I 

29. 

PNVD  sensors  (Ground)  cards  (if 
played) 

Appendix  I 

30. 

TV  sensors  (Ground)  cards  (if  played) 

Appendix  I 

31. 

Visual  sensors  (Ground)  cards  (if 
played) 

Appendix  I 

32. 

Radar  sensor  Ground)  cards  (if 
played) 

Appendix  I 

33. 

IR  binocular  sensor  (Ground)  cards  (if 
played) 

Appendix  I 

34. 

Observation  noet  parameters  form 

50 

35. 

Miscellaneous  data  card 

60  (Card  4) 

36. 

Messages  cards 

— 
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Table  24  (continued) 


GROUND  PROGRAM  CARD  DECK 


Order 

Type  of  Cards 

Figure  or  Table 
Containing  Format 

37. 

Initial  value  of  random  number  card 

44 

38. 

OP/TGT  data  cards  (ordered  by  0?) 

51 

39. 

Card  with  -99  in  columns  1,  2,  and  3 

-- 

40. 

A  card  with  7,  8,  and  9  level  punches 
in  Column  1 

— 

41. 

A  card  with  6,  7,  8,  and  9  level 
punches  in  Column  1 

T 


required  manual  tusks  will  inpart  a  detailed  appreciation  of 
the  problem  and  help  generate  an  important  subjective  awareness 
of  what  the  results  should  be  and  what  they  nay  Imply.  In 
soae  instances;  the  knowledge  gained  in  this  manner  may  be  even 
mere  important  than  the  knowledge  gained  directly  from  the 
numerical  data  generated  by  the  computer. 

CRESS  generates  large  amounts  of  computer  outputs  from 
all  three  of  the  major  models  (Aerial,  Ground,  and  SIGINT). 

Since  these  major  programs  are  run  Independently  of  each  other 
i  \  the  computer,  three  separate  sets  of  output  data  can  be 
generated.  The  corresponding  outputs  (Control  Copies  and  Intel¬ 
ligence  Copies)  of  the  Aerial  and  Ground  models  are  very  similar 
to  each  other  in  both  format  and  content.  The  SIGINT  * ^del 
processes  quite  different  types  of  information  and  its  outputs, 
both  Control  Copy  and  Intelligence  Copy,  are  quite  different 
from  the  corresponding  copies  of  the  Aerial  and  Ground  Models. 

For  studies  that  are  directly  concerned  with  sensor  per¬ 
formance  (e.g.,  making  tables  wf  probabilities  of  detection 
versus  sensor-to-target  distances  for  a  given  weather  condition), 
the  Control  Copier?  of  the  pertinent  major  models  can  be  examined 
separately.  Summary  tables  for  the  s sneers’  performance  esn  oe 
built  directly  from  one  Control  Copy. 

For  studies  that  require  the  analysis  of  many  aspects  of 
tactical  reconnaissance  (e.g.,  providing  target  lists,  updating 
a  war  game  intelligence  map),  it  will  be  necessary  to  examine 

t'  "i 

the  data  from  each  of  the  maj?**  models  being  used  concurrently. 
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This  will  allow  the  intelligence  analyst  to  mako  his  estimates 
on  the  basis  of  all  the  simulated  reconnaissance  that  the  com¬ 
puter  has  produced . 

To  perform  this  concurrent  examination,  it  is  suggested 
that  the  analyst  lay  out  the  Aerial,  Ground,  and  SIGINT  output 
copies  side  by  side  and  physically  near  his  situation  map. 

The  Intelligence  Copy  reports  are  ordered  by  the  time  of  receipt 
of  tie  reports  so  that  the  situation  map  can  be  updated  in  the 
same  sequence  that  it  would  be  in  actual  practice.  It  13  sug¬ 
gested  that  a  form  similar  to  the  one  in  Fig.  67  be  used  to 
collate  the  information  about  possible  individual  tactical 
targets.  The  user  should  definitely  design  his  own  form  to 
ensure  the  inclusion  of  all  pertinent  data  that  can  be  garnered 
from  the  computer  output  and  other  sources . 

The  information  from  the  computer  printout  for  each  group 
of  target  elements  should  be  entered  into  that  part  of  the 
intelligence  analysis  form  already  containing  information  on 
targets  in  the  same  geographic  area  {and  time  span)  as  the 
group  of  objects  being  reported.  If  the  report  supplements 
<  a  already  attained,  the  analysis  of  sighting  section  should 
be  updated.  In  particular,  extensive  use  of  the  remarks  sub¬ 
section  should  be  made  to  provide  documentation  of  the  analyst's 
ability  to  combine  the  computer-produced  information  with  his 
prior  knowledge  of  the  terrain  (possibly  gained  from  the  map 
in  e  simulation),,  weather,  and  enemy  (e.g,,  TOE,  capability, 
vulnerability,  intentions). 


It  Is  impossible  to  antlcipste  the  explicit  needs  of  all 
potential  CRESS  users.  The  analysis  required  for  any  one  user 
will  probably  be  quite  different  from  that  for  any  other  user. 
Thus,  forms  for  analysis  of  the  data  generated  by  CRESS  in  a 
simulation  must  be  generated  by  the  user  to  fit  his  individual 
needs.  It  is  encumbent  on  the  user  to  learn  exactly  what  CRESS 
can  and  cannot  accomplish  for  him  and  to  design  his  analysis 
methodology  in  a  manner  that  will  iuMy  exploit  the  capabilities 
of  CRESS  in  the  at  el  cient  way. 
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Appendix  A 


TARGET  OBJECT  AND  BACKGROUND  CHARACTERISTICS 

A.  Introduction 

The  characteristics  of  241  target  objects  (Table  A2)  and  53 
background  types  (Table  A3)  are  included  as  possible  Inputs  to 
the  R&S  computer  model.  The  characteristics  specified  for  each 
target  object  and  background  are  ref lectirity  values  for  the 
visual,  IR,  and  radar  (microwave)  portions  of  the  electromagnetic 
spectrum,  and  IR  emissivity  values.  Dimensional  data  (length, 
width  and  height  in  meters)  are  also  given  for  each  target  object. 
Daytime  and  nighttime  temperature,  in  degrees  Kelvin,  are  addi¬ 
tional  parameters  that  should  be  iucluded  for  each  entry;  however, 
since  temperatures  vary  widely  depending  on  geographical  location 
and  season  of  year,  they  were  included  only  for  those  targets 
v'hose  temperatures  are  stable,  i.e.,  personnel  and  animals.  A 
procedure  that  can  be  used  co  provide  a  rough  estimate  of  target 
and  background  temperature  is  described  in  Section  E. 

B.  Dimensional  Data 

Length,  width,  and  height  for  most  types  of  enemy  equipment 
were  taken  from  Ref.  1,  Dimensional  data  for  many  of  the  smaller 
weapons  were  not  available  and  estimates  were  made  from  photo¬ 
graphs.  The  height  for  mortars,  field  artillery,  and  AA  artillery 

o 

assumes  the  gun  tube  at  a  45  elevation  angle;  the  length  speci¬ 
fied  for  equipment  with  a  gun  tube  includes  the  length  of  the 
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tube.  Dimensions  for  aircraft  types  were  taken  from  "Jane's  All 
The  World's  Aircraft,"  and  those  for  the  remaining  targets  were 
estimated . 

C.  Visual  and  1R  Reflectivity,  and  IR  Ewlsslvlty 

Visual  reflectivity  values  given  in  the  listings  were  aver¬ 
aged  over  the  .4  to  .7  micron  region;  IR  reflectivity  and  emissi- 
vity  values  over  the  8  to  15  micron  region.  Emissivity  will,  of 
course,  fluctuate  widely  because  the  operational  state  of  the 
vehicle  or  weapon.  The  reflectivity  and  emissivity  specified  can 
be  considered  average  midday  values 

References  2  and  3  were  the  n  Jor  sources  of  visual  and  IR 
reflectivities.  These  document-  ,  prepared  by  the  University  of 
Michigan's  Infrared  and  Optical  Sensor  Laboratory,  contain  an 
extensive  cate  tog  of  target  and  background  signature  data,  reduced 
to  a  standard  format  of  presentation.  The  catalog  was  compiled 
from  experimental  studies  conducted  during  the  last  three  decades; 
as  new  data  become  available,  supplements  to  tne  compilation  will 
be  published.  The  Michigan  reflectivity  curves  are  grouped  ac¬ 
cording  to  the  subject  code  (e.g.,  bridges,  trucks,  canvas,  sand, 
rice)  that  best  describes  the  object  or  sample  measured. 

The  preponderance  of  Michigan  reflectivity  curves  are  for 
background  materials  (leaves,  crops,  soils,  etc.).  Unfortunately, 
however,  wavelength  coverage  for  these  background  features  is 
largely  limited  to  the  .4  to  2.7  micron  region.  There  are  only 
a  few  curves  wh^ch  extend  out  as  far  as  15  microns.  Thus,  while 
visual  reflectivity  values  for  many  backgrounds  can  be  readily 
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obtained,  IR  values  for  the  8  to  IS  micron  region  must,  in  many 
cases,  be  estimated.  In  general,  the  IR  reflectivity  value  for 
this  region  closely  approximates  the  visual  reflectivity. 

In  addition  to  reflectivity  curves  for  natural  terrain 
materials,  the  Michigan  compilation  includes  considerable  data 
for  paints,  metals,  and  fabrics.  Curves  for  paints  and  metals 
often  extend  from  .3  to  15  microns;  those  for  fabrics  from  .3 
to  2.7  microns.  Among  other  categories  which  include  a  few 
curves  each  are  roads,  building  materials  (e.g.,  concrete,  brick, 
asphalt),  wooo,  paper,  and  plastic. 

Unfortunately,  there  are  as  yet  very  few  reflectance  curves 
specifically  for  military-type  targets  such  as  aircraft,  tanks, 
and  guns;  what  is  available  consists  largely  of  the  spectral 
reflectance  of  v^^ious  metals  and  military  paints.  Since  mili¬ 
tary  field  equipment  is  normally  protected  by  paint  for  dura¬ 
bility,  the  reflectance  characteristics  of  olive  drab  paint, 
which  is  ccLjnonly  used  on  field  vehicles,  can  be  used  when  data 
for  the  actual  vehicle  or  weapon  is  not  available.  Similarly, 
the  reflectivities  of  small  guns  can  roughly  be  determined  by 
considering,  for  example,  the  reflectance  curves  for  unpainted 
metal;  for  military  and  civilian  personnel,  the  curves  for  fabrics 
(khaki  shirt,  olive  drab  fabric,  etc.)  can  be  used. 

Heference  4  was  a  secondary  source  of  visual  reflectivity 
data.  This  report  contains  about  40  spectral  reflectivity  curves 
of  target  objects  and  backgrounds  characteristic  of  S.E.  Asia, 
including,  for  example,  straw  hats,  Thai  skin,  sampans,  and  rice 
stubble.  Wavelength  coverage  is  from  .4  to  .9  microns  only. 
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In  the  visible  and  infrared  portions  of  the  spectruat,  the 
data  presented  in  the  Michigan  reports  are  chiefly  for  reflec¬ 
tance,  with  only  a  very  small  amount  of  emittance  information 
given.  The  emissivity  oi  any  target  or  background  depends  o. 
the  amount  of  energy  its  surface  can  absorb.  A  surface  that 
absorbs  most  of  the  infrared  radiation  striking  it  will  emit  a 
relatively  high  amount  and  thus  the  emissivity  will  be  compara¬ 
tively  large.  The  following  guidelines  can  be  used  in  approxi¬ 
mating  the  emissivity  of  targets  and  backgrounds: 

(1)  In  general,  a  rough  and  dark  surface  has  a  high  emis¬ 
sivity  and  low  reflectance;  the  reverse  is  true  for  a 
bright  and  shiny  surface. 

(2)  For  an  opaque  material  (and  most  targets  and  backgrounds 
arc  opaque  or  nearly  opaque),  the  emissivity  is  roughly 
equal  to  1  minus  the  IR  reflectivity  value. 

'(3)  Emissivities  of  targets  and  backgrounds  are  generally 
high,  and  correspondingly,  their  IR  reflectances  are 
low.  For  example,  in  tne  8  to  15  micron  region  the 
emissivities  of  surfaces  exposed  in  normal  terrain 
(e.g.,  soils,  rock,  water,  vegetation)  usually  range 
between  .85  to  .99.  And  since  the  sum  of  the  reflec¬ 
tivity  and  emissivity  of  an  opaque  surface  is  roughly 
one,  the  reflectance  of  such  terrain  features  must 
range  between  zero  and  .15  in  the  8  to  15  micron  re- 
gion. 

D.  Radar  Reflectivity 

The  radar  reflectivity  value  for  a  particular  target  (or 
background)  i3  computed  by  dividing  the  target’s  radar  cross 
section  by  the  projected  area.  When  r.n  object  is  illuminated 
by  a  radar,  some  energy  ‘ °  absorbed  and  the  remainder  is  scattered. 
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The  radar  cross  section  Is  a  Measure  of  the  echo  return  at  the 
radar  produced  by  the  backscattered  energy  and  is  usually  ex¬ 
pressed  in  square  meters.  Projected  area  is  the  surface  area 
of  the  target  illuminated  by  the  radar,  als«  in  square  meters. 

Radar  cross  sections  for  scatterers  with  simple  shapes 
(e.g.,  sphere,  cone,  circular  plate)  have  been  tabulated.  How¬ 
ever,  the  radar  cross  section  of  complex  targets  (aircraft, 
terrain,  buildings,  etc.)  are  much  more  difficult  to  determine 
since  such  targets  are  composed  of  many  individual  scatterers 
each  with  different  scattering  properties.  Moreover,  interactions 
may  occur  among  the  scatterers  which  affect  the  cross  section. 

In  addition,  there  are  three  significant  parameters  which 
affect  the  radar  cross  section  of  complex  targets:  viewing  as¬ 
pect  angle,  radar's  operating  frequency,  and  polarization.  The 
radar  reflectivities  given  in  the  listings  can  be  considered 

rough  values  for  a  K  band  radar  (frequency  =  26.5  to  40  GHz) 

a 

o 

and  for  a  45  aspect  angle;  polarization  (vertical  or  horizontal) 
was  variable. 

The  chief  sources  of  cross  section  values  used  m  computing 
radar  reflectivities  were  the  Michigan  reports.  In  these  reports, 
active  microwave  data,  in  the  form  of  radar  cross  section  (in 
decibels)  as  a  function  of  angle  measured  from  the  norma1  (aspect 
angle),  occurs  for  many  background  materials  such  as  various 
types  of  vegetation,  soils,  cater,  industrial  areas,  concrete, 
and  asphalt  but  not  as  yet  for  mil itary-tyne  targets.  Signifi¬ 
cant  parameter  information  appears  in  the  curve  header  of  each 
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Michigan  cross  section  graph,  including  radar  frequency  band, 
polarisation,  and  total  sampling  are*  ?**■  average  point  (pro¬ 
jected  area).  However,  parametric  information  is  so*  times  not 
complete,  especially  in  the  case  of  projected  area. 

Some  radar  crous  section  information  for  military-type  tar¬ 
gets  can  be  found  scattered  throughout  the  literature,  e.g., 

Refs.  5,  8,  and  7,  and  these  data  were  utilized  when  applicab,  3. 
In  many  cases,  however,  radar  reflectivities  for  targets  and 
backgrounds  were  extrapolated  or  estimated. 

E„  Target  and  Background  Temperature 

Determination  of  target  and  background  temperature  is  a 
complex  matter  that  is  usually  n"t  amenable  to  quantitative 
treatment  except  for  computing  rough  approximations.  The  fol¬ 
lowing  procedure  can  be  used  to  provide  a  rough  estimate  of 
target  temperature.  For  the  country  of  Interest,  consider  the 
average  ambient  daytime  and  nighttime  temperatures  for  the  appro¬ 
priate  season  of  the  year.  Target  temperature  data  are  generated 
around  these  day  and  night  temperatures,  and  a  judgment  is  made 
as  to  whether  a  specific  ta.gei  would  be  hotter  or  cooler  tar 
the  same  as)  ambient  temperature.  In  making  this  judgment, 
several  factors  are  considered:  target  color,  emissivity,  and 
heat  conductivity;  size,  s!  ape,  and  material  of  the  target;  tar¬ 
get  movement;  target  background.  This  list  is  not  exhaustive 
but  most  likely  includes  the  most  important  parameters. 

Background  temperature  will  generally  be  +  10  perc*  t  of 
average  daytime  or  nighttime  Fahrenheit  temperature. 


Mean  temperatures  for  January,  April,  July,  and  October  art 
given  in  Table  A1  for  selected  countries.  For  sees  countries, 
tesmeratures  were  available  for  only  one  city,  which  la  named 
in  the  table;  the  temperatures  for  other  countries  represent  the 
average  of  several  cities. 


Table  A1 

MEAN  TEMPERATURES  FOR  SELECTED  COUNTRIES® 


Country 


Mean  Temperature  (°F) 


January 

April 

July 

Octob 

Argentina  (north  of  35°  S  latitude) 

74 

62 

50 

63 

(south  of  35°  S  latitude) 

70 

56 

43 

56 

Austria  (Vienna) 

32 

49 

66 

49 

Brazil  (north  of  15°  S  latitude) 

79 

79 

76 

73 

(south  of  15°  S  latitude) 

77 

74 

67 

73 

Bulgaria  (Sofia) 

28 

50 

69 

53 

China  <NW,  Sinkiang) 

23 

59 

80 

57 

(SW,  Tibet) 

24 

42 

56 

46 

(Central  Interior) 

34 

60 

79 

58 

(NE,  Piping  area) 

25 

57 

81 

58 

(E  Central,  Snanghai  area) 

40 

58 

82 

65 

(SE,  Hong  Kong  area) 

60 

71 

83 

77 

Congo,  Republic  of  the 

73 

72 

67 

75 

Cuba  (Havana) 

70 

74 

79 

77 

Czechoslovakia  (Prague) 

30 

48 

'■*4 

49 

Eng lane  (London) 

3v 

48 

64 

50 

Finland  (north  of  64°  N  latitude) 

10 

28 

56 

32 

(south  of  64°  W  latitude) 

21 

37 

64 

41 

France 

41 

52 

69 

55 

Gem  any,  East 

29 

44 

64 

48 

Germany,  West 

31 

46 

64 

48 

Greece 

48 

59 

,9 

66 

Hungary  (Budapest) 

32 

52 

70 

52 
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Table  A1  (Continued) 


Mean  Temperature  (°F) 


country 

January 

April 

July 

October 

India  (N,  Dalbi  area) 

59 

85 

88 

80 

(8,  Madras  arsa) 

76 

P? 

87 

82 

(B,  Bombay  area) 

78 

83 

81 

82 

(W,  Calcutta  area) 

67 

86 

84 

81 

Ireland  (Dublin) 

40 

45 

58 

48 

Italy  (north  of  42°  K  latitude) 

34 

54 

74 

55 

(south  of  42°  N  latitude) 

48 

58 

76 

65 

Jordan  and  Israel  (Jerusalem) 

45 

60 

76 

70 

Laos  (Luang  Prabang) 

69 

83 

83 

80 

Lebanon  (Beirut) 

55 

65 

80 

7  «j 

Nepal  (Katmandu) 

n0 

68 

76 

68 

Netherlands  (Amsterdam) 

38 

47 

63 

51 

Norway  (north  of  64°  N  latitude) 

24 

30 

50 

35 

(south  of  64°  N  latitude) 

28 

39 

60 

43 

Poland 

25 

46 

66 

48 

Rumania 

26 

50 

72 

52 

Scotland  (Glasgow) 

39 

45 

58 

47 

South  Africa,  Republic  of 

70 

63 

54 

63 

Spain  (north  of  40°  N  latitude) 

42 

51 

68 

56 

(south  of  40°  N  latitude) 

50 

59 

78 

66 

Sweden  (north  of  64°  N  latitude) 

10 

28 

56 

32 

(south  of  64°  N  latitude) 

27 

38 

63 

43 

Thailand  (Bangkok) 

79 

87 

74 

83 

Turkey  (Istanbul) 

42 

53 

75 

63 

United  Arab  Republic  (Cairo) 

55 

70 

83 

74 

USSR  (MW,  Archangel  area) 

8 

30 

6d 

34 

(W  Central,  Moscow  area) 

13 

38 

64 

39 

(SW,  Rostov  area) 

21 

48 

75 

50 

(H  Central  area) 

-20 

4 

54 

13 

(S  Central  area) 

-  5 

31 

67 

33 

(ME  area) 

-25 

4 

52 

16 

(S£,  Vladivostok  area) 

7 

40 

65 

49 

Venezuela 

73 

76 

76 

74 

Vietnam.  North  (Hanoi) 

63 

75 

85 

79 

Vietnam,  South  (Salmon) 

79 

86 

81 

81 

Yugoslr  ia  (Belgrade) 

33 

53 

72 

54 
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Table  A2 


Note:  The  muchere  tor  each  object  type  are  In  order;  1st  row:  length, 
width,  height,  visual  spectra*  reflectance,  IE  spec true  reflectance; 

2nd  row  r  radar  reflectivity,  e*ls>.ivity  in  IK  spec  true,  average  prob¬ 
ability  of  niaidentification,  average  probability  of  alsrecognition, 
and  category  for  aultiseasor  processing. 


C  LISTING  or  OBJECTS  BY  DETECTION  AND  RECOGNITION  CLASS 
C 

DETECTION  GROUP  !  -  AREA  TARGET 
C 

1  RECOGNITION  GROUP  1  -  LARGE  AREA  TARGET 


LENGTH  WIDTH  HEIGHT 

(METERS) 

AIRFIELD,  CONCRETE 

1450. 

950. 

.01 

.28 

.30 

.03  .70 

.07 

.81 

11 

RUNWAY,  ASPHALT 

2750. 

50. 

.01 

.03 

.09 

.03  .91 

.09 

.01 

14 

AIRFIELD,  EARTH 

300. 

175. 

.01 

.09 

.09 

.03  .91 

.15 

.09 

12 

TAX I RAY,  ASPHALT 

2000. 

25. 

.01 

.03 

.09 

.03  .91 

.05 

.01 

14 

RECOGNITION  GROUP  2 

-  MEDIUM  AREA  TARGET 

HANGAR,  STEEL 

150. 

50. 

48. 

.18 

.19 

.02  .81 

.20 

.35 

11 

POM) 

75. 

75. 

.01 

.06 

.02 

.03  .98 

.20 

.30 

12 

metal  dome 

60. 

60. 

55. 

.40 

.41 

.03  .59 

.30 

.45 

11 

DETECTION  GROUP  2  - 

LI  ICAR  TARGET 

RECOGNITION  GROUP  3 

-  ROAD 

LENGTH  WIDTH  HEIGHT 

(METERS) 

asphlt  rd  JUNCTION 

25. 

25. 

.01 

.05 

.09 

.4  .91 

.00 

.00 

12 

MASONARY  WALL 

100. 

.5 

2, 

.28 

.28 

.03  .72 

.28 

.35 

11 

BAMBOO  FENCE 

10. 

.1 

1.5 

.22 

.24 

.00005  .78 

.30 

.35 

11 

RECOGNITION  GROUP  4 

-  BRIDGE 

WOODEN  RR  BRIDGE 

100. 

5. 

2. 

.27 

.20 

.3  .80 

.01 

.01 

11 

STEEL  BRIDGE 

75. 

4.8 

1, 

.10 

.02  .87 

.01 

.01 

M 

CONCRETE  BRIDGE 

50. 

6. 

10. 

.30 

,31 
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.93  .69 

.01 

.01 

It 

STEEL  BRIDGE 

60. 

4.8 

1. 

.16 

.13 

.0?  .87 

.01 

.01 

It 

STEEL  BRIDGE 

50. 

4.8 

1. 

.10 

,13 

.02  .87 

.01 

,01 

11 

WOODEN  RR  BRIDGE 

ph 

4. 

10. 

.28 

.25 

.03  .75 

.01 

.01 

11 

1-LANE  WOOD  BRIDGE 

25. 

2.0 

1.3 

.27 

.20 

.03  .80 

.01 

.01 

1! 

FOOTBRIDGE 

10. 

1.0 

1.0 

.27 

.20 

.63  .80 

.01 

.01 

11 

RECOGNITION  GROUP  5 

-  RAILROAD  TRACK 

LENGTH  WIDTH  HEIGHT 

C  METERS) 

RR,  MULTIPLE  TRACKS 

250. 

4.5 

.1 

,**0 

.20 

.02  .80 

.00 

.00 

14 

RR,  SINGLE  TRACK 

250. 

1.5 

.1 

.20 

.20 

.02  .80 

.03 

.02 

14 

RR  SIDING 

250. 

1.5 

.1 

.17 

.18 

.03  .82 

.01 

.00 

14 

RR  SWITCH  IRACK 

250. 

1.5 

.1 

.17 

.18 

.03  .83 

.20 

.10 

14 

RR  SPUR 

200. 

1.5 

.1 

.20 

.20 

.02  .80 

.09 

.03 

14 

RAILROAD  JUNCTION 

250. 

4.h 

.1 

.20 

.20 

.02  .80 

.00 

,00 

14 

RECOGNITION  GROUP  £ 

-  RAILROAD  CAR 

RAILROAD  ENGINE 

11. 

2,5 

3.  t 

JO 

JO 

.3  .90 

,20 

.10 

3 

RAILROAD  GONDOLA 

11, 

2.5 

2  3 

JO 

J3 

.3  .87 

.10 

.20 

3 

RAILROAD  PSNGRC&R 

11. 

2.5 

3.1 

JO 

.13 

.3  .87 

.10 

.10 

3 

RAILROAD  KITCHEN 

11. 

2.? 

3.1 

JO 

.11 

.3  .99 

JC 

.  40 

V 

RAILROAD  COACH 

11. 

2.5 

3.1 

JO 

.13 

.3  .87 

.10 

.10 

3 

RAILROAD  boxcar 

11 , 

->  e; 

■  •  t  ^ 

3.1 

JO 

•  " t. 

.3  .37 

.10 

,10 

3 

RAILrOAD  7&»«KCAR 

11. 

2.5 

3,1 

i 

9  *  ¥ 

.11 
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.3  .89 

’  RAILROAD  CABOOSE 
.3  .87 

RAILROAD  TENDER 
.3  .88 

C 

DETECTION  CROUP  3 
C 

3  RECOGNITION  GROUP  7 
C 

POWER  BOAT 
.3  .87 

SAMPAN 
.3  .84 

18-FOOT  WOOD  BOAT 
.3  .84 

PONTON 

.3  .87 

C 

DETECTION  GROUP  4 

c 

4  RECOGNITION  GROUP  8 
C 

CULTIVATED  FIELD 
.**3  .88 

BAMBOO  ENCLOSURE 
.00006  .78 

GAME  COURT.  EARTH 
.02  ,90 

CLEARED  ARP A 

.02  .0 

RESERVOIR 
.03  .98 

CORRAL 
.02  SI 

C 

4  RECOGNITION  GROUP  9 

C 

CONCRETE  bldg 
.03  .75 

target  butts,  earth 

.0*006  .88 


.10 

.20 

3 

8.2 

2.5 

3.1 

.10 

.10 

.10 

3 

6.7 

2.5 

2.5 

.10 

.10 

.10 

3 

OBJECT  ON  WATER 


BOAT 

LENGTH  WIDTH  HEIGHT  (METERS) 

8.  2.4  1.2  .09  .*3 


.10 

.40 

8 

6. 

2. 

.5 

.12 

..16 

.08 

.25 

8 

5.5 

2. 

1. 

.12 

.16 

.08 

.20 

8 

7.2 

2.4 

2.' 

5  .09 

.13 

.or. 

.20 

9 

LARGE  LAND  OBJECT 

SMALL  AREA  TARGET 

30. 

30. 

.01 

.08 

.12 

.10 

.00 

12 

30. 

30. 

.1 

.22 

.22 

.20 

.30 

11 

30. 

15. 

.01 

.10 

.10 

.25 

.40 

12 

30. 

10. 

.01 

.18 

.19 

.20 

.35 

12 

17. 

17. 

.01 

.06 

.02 

.10 

.00 

12 

10. 

10. 

1.5 

.18 

.19 

.25 

.30 

11 

URGE  BUILDING 

LENGT 

H  WIDTH 

HEIGHT 

(METERS) 

40. 

20. 

3, 

.25 

.25 

.15 

.15 

11 

50. 

10. 

.0? 

.12 

.12 

.25 

.30 

11 
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PLASTER  ADMIN  BLDG 

20.  9.5 

7.5 

.28 

.28 

.05  .72 

.15 

.15 

11 

MOOD  BLDG.  2  STORY 

9.  20. 

7.5 

.21 

.20 

.5  .80 

.15 

.15 

11 

FIRE  DIRECT  CENTER 

15.  10. 

3. 

.14 

.19 

.5  .81 

.30 

.30 

11 

PLASTER  HOUSE 

15.3  9.5 

4.5 

.28 

.28 

.03  .72 

.15 

.15 

11 

HOUSE.  TILE  ROOF 

15.3  9.5 

4.5 

.20 

.21 

.02  .79 

.15 

.15 

11 

SHED,  WAREHOUSE 

18.2  7.6 

4. 

.18 

.19 

.02  .81 

.15 

,15 

11 

HOODEN  ADMIN  BLDG 

15.3  8.5 

5.5 

.18 

.19 

.03  .81 

.15 

.15 

11 

RECOGNITION  GROUP  10 

-  CAMOUFLAGE  NET 

HPN  CAMOUFLAGE  NET 

9.  9. 

.01 

.10 

.15 

.00036  .85 

.35 

.30 

12 

CAMOUFLAGE  NET 

8.8  8.8 

.01 

.10 

.15 

.00006  .86 

.39 

.30 

12 

CAMOUFLAGE  NET 

4.5  4.5 

.01 

.10 

.15 

.00006  .85 

.45 

.30 

12 

DEJECTION  GROUP  5  -  MEDIUM  LAND  OBJECT 
C 

5  RECOGNITION  GROUP  11  -  MEDIUM  BUILDING 


C  LENGTH  WIDTH  HEIGHT  (METERS) 


HUT, 

THATCHED  ROOF 

15.2 

5.5 

4. 

.18 

,19 

.02 

.81 

,15 

.30 

11 

SftJ) 

,  THATCHED  ROOF 

15.2 

5.5 

4. 

.18 

.15 

.02 

,81 

.15 

.30 

11 

plaster  bldg 

12.2 

6.1 

4.5 

.28 

.28 

.03 

.72 

.15 

.15 

11 

WOOD 

SERVICE  BLDG 

12.2 

6.1 

4. 

.18 

.19 

.02 

.81 

.15 

.15 

11 

HUT, 

THATCHED  ROOF 

15.2 

4.6 

4. 

.18 

.19 

.02 

.81 

.  *5 

.30 

11 

KITCHEN,  THTCH  ROOF 

8. 

8. 

4. 

.18 

,12 

.02 

.88 

.15 

.35 

11 

SHED 

,  THATCHED  ROOF 

12.2 

4.6 

4. 

.18 

.19 

.02 

.81 

.15 

.30 

11 
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n  urn  noio  nutn  nuin  nutn 


HUT,  THATO©  ROOF 

12.2  4.6 

4. 

.18 

.19 

.02  .81 

.15 

.30 

11 

MOUSE.  TIN  ftuof 

7.6  6.1 

4. 

.14 

.15 

.02  .85 

.10 

.15 

11 

HOOD  HOUSE 

7.6  6.1 

4. 

.18 

.19 

.02  .81 

.15 

.15 

11 

LARGE  MUD  HUT 

7.6  4.6 

3.5 

.18 

.19 

.02  .8! 

.15 

.15 

11 

WOODEN  BLDG 

6.  4.5 

3.1 

.18 

.19 

.02  .81 

.15 

.15 

11 

FUEL  STORAGE  TANK 

5.  5. 

2. 

.07 

.07 

.07  .83 

.15 

.10 

11 

RECOGNITION  GROUP  12  - 

medium  building 

ELECT  SUBSTATION 

10.  5. 

4. 

.15 

.15 

.03  .85 

.15 

.10 

11 

RECOGNITION  GROUP  13  - 

MEDIUM  BUILDING 

(METERS! 

LENGTH  WIDTH  HEIGHT 

HOOD  RR  STATION 

6.  6. 

3,1 

.18 

.19 

.02  .81 

.00 

.00 

11 

RECOGNITION  GROUP  14  - 

LARGE  TOWER 

STEEL  RADIO  TOWER 

8.  8. 

75. 

.18 

.19 

.02  .81 

.10 

.09 

11 

STEEL  CCNTRL  TOWER 

6.  6. 

15. 

.18 

.19 

.02  .81 

.10 

.10 

11 

POWER  LINE  PYLON 

5.  5. 

18.5 

.22 

.22 

.02  .78 

.10 

.00 

11 

RECOGNITION  GROUP  15  - 

LARGE  SELF-PROPELLED  WEAPON 

LENGTH  WIDTH  HEIGHT 

(METERS) 

40QMM  TRAC  WORT  5P 

20.  3.6 

3,8 

.12 

JO 

.3  .90 

.15 

.10 

31  OHM  TRAC  GUN,  SP 

16.  3.6 

3.8 

.12 

.10 

.3  .90 

.15 

.10 

5 

RECOGNITION  GROUP  16  -  TRACKED  VECHICLE 


12. 


bridge  lay;:ig  tat* 


A- 3.3 


3.5  2.5 


.14 


.13 


■f'fct 


ana 


3  .87 

.10 

.08 

4 

loom  ASLT  GUN,  SP 

11,1 

3.3 

2.4 

.12 

.10 

3  .90 

.10 

.25 

4 

122m  ASLT  GUN,  SP 

11.6 

3.1 

2.5 

.12 

„1Q 

3  .90 

.10 

.25 

4 

HEAVY  TANK 

10. 

3.6 

2.6 

.12 

.10 

3  .90 

.10 

.08 

4 

MIC  CLEARING  TAMC 

8.5 

4. 

2.4 

.12 

.10 

3  .90 

.10 

.08 

4 

152m  ASLT  GUN,  SP 

10.8 

3.1 

2.5 

.12 

.10 

3  .90 

.10 

.25 

4 

ROCKET/TOK  CHASSIS 

10.5 

?.1 

3.2 

.12 

.10 

3  .90 

.10 

.10 

4 

AMPHIBIOUS  TRACTOR 

9.2 

3.1 

2.7 

.12 

.12 

3  .88 

.10 

.10 

4 

MEDIUM  TANK 

7.9 

3.3 

2.4 

.12 

.10 

3  .90 

.12 

.30 

4 

HVY  ARTY  TRACTOR 

7. 

3.1 

2.9 

.12 

.12 

3  .88 

.15 

.35 

4 

TRAC  DITCHING  MACH 

7. 

3.1 

4.2 

.12 

.12 

3  .88 

.25 

.30 

4 

tracked  dozer 

6.6 

3.2 

2.1 

.17 

.14 

3  .86 

.25 

.30 

4 

AMPHIBIOUS  TANK 

7,0 

3.1 

2.2 

.12 

.10 

3  .90 

.18 

.20 

4 

tracked  apc 

6.7 

3.1 

1.9 

.12 

.10 

3  .90 

.10 

.20 

4 

tracked  apc 

7.2 

2.8 

2.2 

.12 

.10 

3  .90 

.10 

.20 

4 

TANK  RECOVERY  VEH 

6.1 

3. 

2. 

J2 

.10 

3  .90 

.10 

.15 

4 

MED  ARTY  TRACTOR 

5.9 

2.6 

2.6 

.12 

.12 

3  .88 

.19 

.25 

4 

57m  ASLT  GIN,  SP 

7. 

2.1 

1.7 

.12 

.10 

1  .90 

.20 

.30 

4 

armored  arty  TRCTR 

4.5 

2,5 

1.8 

.12 

.12 

3  .88 

.20 

.30 

4 

LIGHT  ARTY  TRACTOR 

5.1 

2,2 

2.1 

.12 

.12 

3  .88 

.20 

.50 

4 

7-62  TANK 

6.1 

3.3 

P.4 

.12 

.10 

-3  .90 

.12 

.30 

PT-85  TANK 

6.7 

3.1 

2,2 

.12 

JO 

A-14 


4-TUN  TRUCK 

5.7 

2.5 

2.3 

.12 

.14 

•3  .86 

.12 

.15 

3 

cement  truck 

6.7 

2.4 

2.5 

.13 

.14 

.3  .86 

.15 

.20 

3 

Oit/HATER  TANK  TRK 

7. 

2.3 

2.7 

,13 

.14 

* 

• 

tr> 

• 

.10 

.15 

3 

FUEL  TANK  TRUCK 

6.7 

2.4 

2.5 

.13 

.14 

.3  .86 

.10 

.15 

3 

5-TON  TRUCK 

6.4 

2.5 

2.3 

.12 

.14 

.3  .86 

.12 

.15 

3 

REELED  APC 

6.9 

2.3 

2.1 

.12 

.10 

.3  .90 

.18 

.25 

3 

240MH  RKT/lNOU  SP 

5.9 

2.6 

3.5 

.12 

.12 

.3  .89 

.10 

.10 

3 

7-TON  DUNP  TRUCK 

5.7 

2.6 

2.5 

.12 

.14 

.3  .86 

.12 

.15 

3 

TRK,  CQMMUMICA  VAN 

6.1 

2.3 

2.8 

.12 

.14 

.3  .86 

.12 

.15 

3 

3  1 /2-TON  DUMP  TRK 

6. 

2.3 

2.2 

.12 

.14 

.3  .86 

.12 

.15 

3 

2  1 /2-TON  TRUCK 

5.7 

2.3 

2.1 

.12 

.14 

.3  .86 

.12 

.15 

3 

TRACTOR  TRUCK 

5.5 

2.„ 

2.4 

.12 

.14 

.3  .86 

.12 

.15 

3 

3QMM  AA  GUN,  SP 

5.8 

2.1 

2.9 

.12 

.12 

.1  .88 

.15 

.25 

3 

MILITARY  AMBULANCE 

5.5 

2.2 

2.1 

.12 

.14 

.3  .86 

.12 

.12 

3 

14QMM  RKT/LNCHR  SP 

5.5 

2.2 

2.2 

.12 

.12 

.3  .88 

.10 

.1C 

3 

57MM  AT  CUN,  SP 

7.8 

1.5 

1.7 

.11 

.11 

.1  .89 

.20 

.30 

3 

TRACTOR  TRUCK 

5. 

2.2 

2.2 

.12 

.14 

.3  .86 

.12 

.15 

3 

2  1 /2-TON  ?UMP  TRK 

5.2 

^.1 

2.1 

.12 

,14 

.3  .86 

.12 

.20 

3 

GEN-PURPOSE  TRAILR 

4.3 

2.2 

2. 

.12 

.14 

.3  .86 

.12 

.15 

3 

HATER  TRAILER 

4,2 

2.1 

1.4 

.12 

,14 

.3  .86 

.12 

.15 

7 

8RDM-REC0N  YEH 

w» .  6 

2.2 

1.9 

.12 

.10 

.3  .90 

.12 

.15 

3 

A-lfi 


c 

5 

C 


c 

5 

C 


C 

5 

c 


c 

c 

6 

c 


SAM  LNCHR,  SP 

11,3  3.1 

3,7 

,  *12 

.13 

.3  .87 

.10 

JO 

I 

WEAPON  CARRIAGE 

4.3  2.2 

2.0 

.12 

.14 

.3  .83 

.12 

.15 

3 

MISSILE  TRANSP,  SP 

6.7  3.1 

2.8 

.15 

.14 

.3  .86 

.12 

.15 

3 

MISS*  TRAILER 

10.  3.2 

3. 

.12 

J4 

.3  .96 

.19 

.25 

3 

RECOGNITION  GROUP 

18 

-  MISSILE 

SS  GUIDED  MISSILE 

21.  1.8 

1.8 

.12 

J4 

3  .86 

.10 

.35 

7 

surface-to-air  msl 

11.3  .5 

.5 

.12 

.14 

3  .86 

.10 

.35 

7 

RECOGNITION  GROUP 

19 

-  CRANE 

LENGTH  WIDTH  HEIGHT  1 

tMETERSJ 

10-TON  CRANE  TRUCK 

9.6  2.7 

3.4 

.12 

.12 

3  .88 

.15 

.28 

3 

3-TON  CRANE  TRUCK 

6.9  2.3 

4.7 

J2 

.12 

,3  .88 

.14 

.25 

3 

RECOGNITION  GROUP  20 

-  LARGE  RADAR 

LARGE  RADAR 

7.6  2.4 

7.6 

.12 

.11 

3  .89 

.10 

.30 

11 

MEDIUM  RADAR 

4.5  2.4 

3.5 

.12 

.11 

3  .89 

.10 

.35 

11 

DETECTION  GROUP  6  -  SMALL  LANL  C?  >ECT 

RECOGNITION  GROUP  21  -  TOWED  YECHiCLE 

LENGTH  WIDTH  Id  GMT  (METERS) 


2Q3MM  GUN/HOW  TOM) 

11.7 

2.5 

7.6 

.12 

.12 

.3  .88 

.18 

.40 

5 

130MM  A A  GUN  TOWED 

11. 

2.6 

7. 

.12 

.12 

.3  .88 

.18 

.40 

5 

1Q0MM  AA  GUN  TOWED 

8.1 

2.1 

5*2 

.12 

.12 

.3  .88 

.18 

.40 

5 

85MM  A?  GUN,  SP 

9,8 

1.7 

3. 

.12 

.1i 

.1  .89 

.18 

.35 

5 

A-17 


oo»r>  noin 


130MH  RD  GUN  TOW 

9.2 

1.8 

5.6 

.12 

.11 

.1  .89 

.18 

.40 

5 

57MM  AA  CUN,  TONED 

7. 

2.1 

4.8 

.12 

.12 

.3  .88 

.18 

.40 

5 

10CMM  FID  CUN  TOW 

8. 

1.8 

4.3 

.12 

.11 

.1  .89 

.18 

.40 

5 

122MM  FLD  GUN  TOW 

8. 

:.3 

4.9 

.12 

.11 

.1  .89 

.18 

.40 

5 

152MM  GUN/HOW  TOW 

7,4 

1.8 

4.5 

.12 

.11 

.1  .89 

.18 

.40 

5 

24CMM  MORTAR,  TOWED 

5.3 

25 

3.8 

.11 

.11 

.3  .89 

.25 

.45 

5 

122MM  HCHIT,  TOWED 

5.8 

1.7 

2. 

.12 

.11 

.1  .89 

.18 

.40 

5 

160MM  MORTAR.  TOWED 

4. 

2. 

3. 

.11 

.11 

J  .89 

.25 

.45 

5 

14.5m  AA  HMC,  QUAD 

3.6 

1.8 

2.8 

.11 

.10 

.1  .90 

.30 

.40 

5 

107MM  RECOILSS  GUN 

2.7 

1.3 

1.4 

.10 

.10 

.00006  .90 

.30 

.35 

5 

120MM  MORTAR,  TOWED 

2. 

1. 

1.4 

.10 

.10 

.00006  .90 

.25 

.45 

5 

RECOGNITION  GROUP  22  - 

SMALL 

VECHICLE 

CIVILIAN  SEDAN 

5.3 

1.9 

1.6 

.20 

.11 

.3  .89 

.19 

.30 

2 

WRECKED  SEDAN 

5. 

1.9 

1. 

.22 

.20 

.3  .80 

.19 

.20 

2 

3/4-TON  TRUCK 

4.4 

2.1 

2.1 

.12 

.14 

.3  .86 

.  1  * 

.35 

2 

1-TON  TRUCK 

4.4 

2.1 

2. 

.12 

.14 

.3  .86 

.18 

.35 

2 

1 /2-TON  TRUCK 

4.5 

1.9 

2. 

.12 

,14 

.3  .86 

.18 

.35 

2 

1/2T  CANVS-TOP  TRK 

3.9 

1.9 

2. 

.09 

.13 

.3  .87 

.18 

.35 

2 

1/4  TON  TRUCK 

3.4 

1.7 

1.7 

.09 

.13 

.3  .87 

.1b 

.35 

2 

RECOGNITION  GROUP  23  -  SMALL  SHELTER 

LENGTH  WIDTH  HEIGHT  (METERS) 


A-18 


HUT,  THATCHED  ROOT 
02  .81 

LRG  CANVAS  SHELTER 
02  .86 

SHALL  ;  1UD  HUT 
02  .81 

HUT,  THATCHED  ROOF 
02  .81 

METAL  STORAGE  SINS 
5  .73 

SANDBAG  REVETMENT 
03  .81 

MEDIUM  TENT 
02  .86 
ADOBE  HUT 
02  .82 
BOXES  ON  PALLETS 
05  .81 

PUP  TENT 
02  .86 
PnQDEN  OUTHOUSE 
02  .81 

RECOGNITION  GROUP  24 

SPIRE  TOWER 
13  .75 

WIN*  PUMP 
2  .81 
WOOD  CBS  TOWER 
12  .81 
WOODEN  TOWER 
.80 


RECOGNITION  GROUP  25 

CIRCULAR  EMPLACE?* 

3  .85 

AAMG  EMPLACEMENT 

'3  .86 

81  MM  MORT  EHPLAU; 


4.6 

3.5 

3. 

.18 

.20 

.35 

11 

4.6 

3.5 

3. 

.10 

.20 

.35 

11 

4.6 

3.1 

3.5 

.18 

.20 

.35 

11 

3. 

3. 

2. 

.18 

.20 

.35 

It 

3. 

3. 

3. 

.27 

.25 

.30 

11 

3. 

3. 

1.8 

.19 

.30 

.40 

11 

3. 

2.8 

2. 

.10 

.20 

.30 

11 

2.5 

2.5 

2.8 

.18 

.25 

.35 

11 

3.7 

1.2 

1. 

.15 

.30 

.40 

11 

2.1 

1.5 

1. 

.10 

.35 

.40 

11 

1.5 

1.5 

2. 

.18 

.35 

.45 

11 

SMALL  TOWER 

3. 

3. 

45. 

.15 

.20 

.15 

11 

2. 

2. 

4.5 

.18 

.15 

.10 

11 

1.8 

1.8 

10. 

.18 

.15 

.15 

11 

1.5 

1.5 

3, 

,21 

.20 

.15 

11 

WEAPON  EMPLACEMENT 
LENGTH  WIDTH  HEIGHT  (hcJERS) 
5.  5.  ,01  .15 

.10  .25  5 

3.  3,  .6  .14 

.10  .30  5 

2.4  2.4  .7  ,14 


DETECTION  GRC«*>  7  -  VERT  SMALL  LAM)  Q&OECT 
RECOGNITION  GROUP  26  -  EXCAVATION 


TRENCH 

20* 

1. 

.8 

.14 

05  .86 

.25 

.15 

15 

TRENCH 

5. 

1.5 

.3 

.14 

05  .86 

.30 

.35 

15 

LOG/EARTH  BUNKER 

2,5 

2. 

.7 

.18 

02  .81 

.35 

.30 

15 

TRENCH 

2. 

2. 

1.2 

.18 

02  .81 

.55 

.35 

15 

FOXHOLE 

1.5 

1.5 

.01 

.14 

05  .86 

.45 

.20 

15 

TUNNEL  ENTRANCE 

1.5 

1.5 

.01 

.03 

03  .97 

.45 

.20 

15 

FOXHOLE 

,9 

.9 

.01 

.14 

03  .86 

.45 

.25 

15 

RECOGNITION  GROUP  27  -  MEDIUM  ARMS 

LENGTH  WIDTH  IC1GHT  (METERS) 


14.5m  AA  HMG,  TWIN 

2.1 

1. 

2. 

.10 

90006  .90 

.30 

.20 

5 

82MM  RECOILSS  GUN 

2. 

.5 

.5 

.10 

00003  .90 

.30 

.25 

5 

57M1  RECLSS  RIFLE 

2. 

.5 

.5 

.10 

00003  .90 

.30 

.25 

5 

12.7m  AAMC 

2. 

.5 

1. 

.10 

00006  .90 

.40 

.45 

5 

82m  MORTAR 

1.3 

.8 

.5 

.10 

0*003  .90 

,30 

.40 

5 

7.62m  HYY  MG 

1. 

.5 

.b 

JO 

00006  .90 

.40 

.45 

5 

60m  MORTAR 

1. 

r 

•  W 

.5 

.10 

00003  .90 

.30 

.40 

5 

RECOGNITION  GROUP  28  - 

SMALL  ASMS 

I 


.IQ 


7.52MM  LIGhf  MG 


.<*  .3 


.to 


0-4  0  0-4  0 


.OOOOC  ,90 

.40 

,46 

6 

REC01LSS  AT  LNCHR 

1.2 

.13 

.13 

.10 

.10 

.00003  .90 

,35 

.30 

6 

7  62MM  RIFLE 

1. 

06 

.1 

.10 

.10 

.00006  .90 

.48 

,50 

6 

RECOGNITION  GROUP  29 

-  LARGE  ANIMAL 

LENGTH  WIDTH  HEIGHT 

(METERS! 

CAMEL 

3. 

1. 

2.2 

.08 

.13 

.3  .07 

.10 

.40 

13 

CATTLE 

2.5 

1. 

1.5 

.15 

.15 

.3  .85 

.10 

.20 

13 

MATER  BUFFALO 

2.5 

1. 

1.5 

.22 

.22 

.3  .78 

.15 

.20 

13 

HORSE 

2.3 

.9 

2. 

.15 

.15 

.3  .85 

.10 

.45 

13 

RECOGNITION  GROUP  30 

PERSONNEL 

donkey 

2. 

.8 

1.7 

.10 

.10 

.3  .90 

.15 

.18 

13 

PRONE  MAN,  EUROPE 

1.76 

.bo 

.16 

.14 

.11 

.5  .89 

.20 

.10 

1 

PRONE  MAN,  SE  ASIA 

1.66 

.44 

.15 

.14 

.11 

.5  .89 

.20 

.10 

1 

GOAT 

1.1 

.5 

1. 

.15 

.15 

.5  .85 

.30 

.25 

13 

KNEELNG  MAN,  EUROPE 

.95 

.53 

.88 

.14 

.11 

.5  .89 

.25 

.1^ 

1 

KNEEING  MAN,  SEAS I A 

.88 

.44 

.83 

.14 

.11 

.5  .89 

25 

.15 

1 

SHEEP 

.9 

.*< 

.6 

.15 

.15 

5  .85 

30 

.25 

13 

MIL  PRSNL,  EUROPE 

.33 

.53 

1.76 

.14 

.11 

.5  .89 

,3b 

.30 

1 

CIV  PRSNL,  EUROPE 

.32 

.*’6 

1.61 

.16 

'  * 

. » i 

.5  .89 

.35 

.30 

1 

CHOC  I  BEARER 

.3 

.5 

1.6 

.16 

.11 

.5  .89 

.40 

.25 

1 

MU.  PRSNL,  SE  ASIA 

.32 

.44 

1.66 

.14 

.11 

.5  .89 

.40 

.25 

1 

DOG 

.7 

.2 

.4 

.20 

.20 

A-  21 


U  f-  M 


c 

7 

C 


5  M 

.30 

.30 

13 

ciy  tom.,  sc  asu 

.31 

.40 

1.55 

.16 

.11 

3  .89 

.40 

.25 

1 

RCCO®MIT  ION  GROUP  31 

-  MISCELLANEOUS  OBJECTS 

LENGTH  WIDTH  HEIGHT 

(METERS) 

MW  TEC 

3. 

2. 

1. 

.16 

.16 

99093  .84 

,25 

.20 

11 

CM! 

4. 

1.5 

1.5 

.09 

.11 

3  .89 

.20 

.16 

2 

fiYTO  VATS 

l. 

2. 

1. 

.97 

.07 

05  .$3 

0  0. 

•  *  W 

.05 

IS 

DUMMY  TARGET 

1.8 

1.8 

2.5 

.09 

.20 

02  .80 

.25 

,30 

11 

road  barricade 

4. 

,5 

1.8 

.13 

,13 

1  .87 

.10 

.05 

11 

BICYCLE 

1.8 

1.1 

.46 

.09 

.11 

09006  .89 

.15 

.10 

2 

TARGET  BACKSTOP 

3, 

.5 

2. 

.09 

.09 

09096  .91 

.18 

.15 

11 

GRAVESTONE 

1. 

1. 

2. 

,28 

.25 

09006  ,75 

.20 

.05 

11 

FURNACE  AND  FORCE 

1. 

1. 

.3 

.03 

.03 

3  .97 

.20 

JO 

11 

RECOGNITION  GROUP  32 

-  SMALL  MISCELLANEOUS  OBJECTS 

PU'iJl  TRAP 

1. 

1. 

.01 

.22 

,07 

,90906  .93 

,35 

.25 

12 

SNAIL  RADAR 

,6 

1. 

1.5 

.08 

.07 

3  .93 

.30 

.20 

11 

STEEL  DRUM 

.6 

.6 

.9 

.10 

.13 

,3  .87 

.39 

,10 

11 

PLOTTING  BOARD 

.6 

.6 

1,5 

.20 

.20 

39006  .80 

.45 

.45 

11 

SPIDER  m  E 

,6 

,6 

.01 

.14 

.14 

.03  ,86 

,40 

.25 

12 

SUPPLY  Ca$E 

.7 

,b 

.5 

.15 

.19 

3  .81 

.30 

.20 

11 

COOKING  FIRE 

.5 

5 

,01 

.03 

.S3 

03  ,97 

.15 

.05 

12 

FIELD  RADIO 

.  06 

.3 

*  * 

.05 

.10 
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.000*3  .90 

WOODEN  BOX 
.05  .81 

fCTAL  BOX 

.3 

’  FIELD  RADIO 
.00003  .90 

FIELD  RADIO 
.00003  .90 

FIELD  TELEPH01C 
.00006  .95 

DEMOLITION  CHARGE 
.00006  .90 

C 

7  RECOGNITION  GROUP  33 
C 

ANTI-fCLO  STAKES 
.00006  .78 

DRYING  POLES 
.00006  .78 

DETECTION  GROUP  8  - 
C 

8  RECOGNITION  GROur  34 
C 

TRANSPORT  HELQ 

.02  .86 

C 

8  RECOGNITION  GROUP  35 

c 

JET  MEDIUM  3CM8ER 
.02  .81 

TRANSPORT  A/C 
.02  .31 

JET  LIGHT  80f®ER 
.02  .81 

JET  FIGHTER 
.02  .81 


.30 

.20 

11 

.6  .3 

.3 

.14 

.19 

.30 

.20 

11 

.5  .3 

.6 

.37 

.13 

.20 

11 

.68  .* 

.74 

.05 

.10 

.30 

.20 

11 

.34  ,17 

.37 

.05 

.10 

.30 

.20 

11 

.3  J 

.1 

.03 

.05 

.40 

.30 

11 

.2  .  .06 

.06 

.08 

.10 

.45 

.45 

11 

-  POLES 

LENGTH  WIDTH  HEIGHT 

(METERS! 

.1  .1 

1.7 

.22 

.24 

.25 

.05 

12 

.1  .1 

1.2 

.22 

.22 

.25 

.05 

12 

AIRCRAFT 

-  HELICOPTER 

16.8  21. 

5.2 

.12 

.14 

.10 

.05 

9 

-  FIXED  WING  AIRCRAFT 

LENGTH  WIDTH  HEIGHT 

(METERS) 

36.5  33.5 

>0.8 

.18 

.19 

.03 

.01 

10 

31.  28. 

10. 

.18 

.19 

.03 

.01 

10 

18.9  20.8 

6.7 

.18 

.19 

.03 

.01 

10 

31.  28. 

10. 

.18 

.19 

.03 

.01 

10 
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Tahiti  A3  (Continued) 


Reflectivities 


Background 

Visual 

IP. 

Radar 

Eaisslvity 

Grass  and  Shrubs  leant  intiAdl 

dry  meadow 

08 

.15 

.04 

.85 

green  meadow 

.05 

.10 

.09 

.90 

Plants  and  Crocs 

plantation 

.id 

15 

.02 

.85 

tea 

.02 

.02 

.06 

.98 

coffee 

.02 

.02 

.06 

.98 

rice 

.04 

.04 

.05 

.96 

cultivated  field 

.08 

.12 

.03 

.88 

garden 

,06 

.03 

.03 

.97 

alfalfa 

.04 

.04 

.04 

.96 

wheat 

.04 

.04 

.04 

.96 

Water 

canal  or  ditch 

.08 

.02 

.03 

.98 

lake  or  pond 

,06 

.02 

.03 

.98 

swamp 

.14 

.02 

.05 

.98 

rice  paddy 

.14 

.02 

.05 

.98 

river 

.10 

.04 

.03 

.96 

Snow 

snow,  fresh  fallen 

.77 

.80 

.003 

.20 

snow  covered  with  ice  film 

.74 

.75 

.003 

.25 

Rock 

gravel 

.2? 

.24 

.02 

.76 

granite 

.18 

.21 

.02 

.79 

bare  rock 

.20 

.22 

.03 

.78 

Table  A3  (Concluded) 


Reflectivities 


•eckgro*'.d 

Visual 

lit 

Radar 

Rnlssivity 

89B& 

•end 

.24 

m 

.01 

.80 

•and  dunes 

.25 

.27 

.03 

.73 

Built-up  Area 

built-up  area,  city 

.15 

.16 

.02 

.84 

’'illage 

.15 

.13 

.02 

.87 

Road.  Trail 

concrete  road 

.25 

.28 

.01 

.72 

asphalt  road 

.05 

.09 

.06 

.91 

cobblestone  street 

.24 

.26 

.03 

.74 

dirt  road 

.10 

.10 

.04 

.90 

trail 

.12 

.12 

.10 

.88 

Miscellaneous 

railroad  tracks 

.15 

.10 

.03 

.90 

salt  evaporator 

.74 

.74 

.01 

.28 

clear  area 

.18 

.IS 

.03 

.81 

bard  packed  dirt 

.10 

.10 

.03 

.90 

!6 


REFERENCES 


1.  "identification  Handbook,  Soviet  and  Satellite  Ordnance 
Equipment";  Revised  Edition;  Intelligence  Division,  Hq., 

U.S.  Army,  Europe;  September  1960 

2.  Diane  Earing;  "Data  Compilation  of  Target  and  Background 
Characteristics";  Second  Supplement;  Willow  Run  Laboratories, 
University  of  Michigan,  Ann  Arbor,  Michigan;  July  1967 

3.  Diane  Earing;  "Target  Signature  Analysis  Center:  Data  Com¬ 
pilation,  Supplement";  Willow  Run  Laboratories,  University 
of  Michigan,  Ann  Arbor.  Michigan;  January  1967;  AD  379  650 
(SECRET) 

4.  F.  B,  Silvestro,  et  al;  "Project  AMPIRT,  ARPA  Multiband 
Photographic  and  Infrared  Reconnaissance  Test  (U)"--Vol.  Ill, 
Sec.  IV,  'Spectral  Properties  of  COIN  Targets”;  Final  Report; 
Cornell  Aeronautical  Laboratory,  Inc.,  Buffalo,  New  York; 

July  1967  (CONFIDENTIAL) 

5.  J.  E.  Butler;  "Reflection  and  Doppler  Characteristics  of 
Taigets  and  Clutter  (U)";  Final  Summary  Report,  R & D  Tech¬ 
nical  Report  ECOM-00263-F .  Radiation  Inc.,  Melbourne,  Florida 
July  1967;  AD  383  221  (CONTI DENT IAL) 

6.  "Target  Multrsensor-Dsta-Information  Content  (U)";  Second 
Quarterly  Progr-  Report,  15  February  tnrough  15  May  1965; 
Willow  Run  Laboratories,  University  of  Michigan,  Ann  Arbor, 
Michigan;  June  1965;  AD  368  741  (CONFIDENTIAL) 

7.  T.  D.  Bain,  Jr.;  Air  Delivered  Ground  Controlled  Weapon 
Study  (U)"— Volume  V,  "Si«"'n. *->ire  Studies North  American 
Aviation,  Inc.,  Columbus,  Ohio;  January  1966;  AD  372  124L 
(SECRET) 

8.  "Climate  and  Man";  Yearbook  of  Agriculture,  1941;  U.S,  De¬ 
partment  of  Agriculture,  Washington,  D.C. 


A-27 


CONTENTS 


LIST  OF  ILLUSTRATIONS . .  B-v 

LIST  OF  TABLES .  B-vii 

I  PHOTOGRAPHIC  SENSOR  MODEL  .  B-3 

II  INFRARED  SENSOR  MODEL . B-14 

III  RADAR  SENLCR  MODEL .  B-25 

IV  VISUAL  SENSOR  MODELS  .  B-41 

V  LASER  SENSOR  MODEL . ,  .  .  .  B-45 

VI  LLLTV  SENSOR  MODEL . . .  B-53 

VII  PASSIVE  NIGH? -VIS ION  DEVICES  SENSOR  MODEL  ....  B-60 

VIII  GROUND  BASED  MOVING  TARGET.'  INDICATOR  (MTI ) 

IADAR  MODEL  ..........  .  B-ba 

IX  PROBABILITY  CURVES . .  .  B-67 

REFERENCES  ...  . . . .  .  B-73 


B-i  i 


LIST  OF  ILLUSTRATIONS 


Fig.  B-l  Photographic  Sensor  Model — High-Contrast 

Resolution . B-5 

Fig.  B-2  Photographic  Sensor  Model — Resolution  ....  B-7 

Fig.  5-3  Photographic  Sensor  Mod®’ —Geometrical 

Effects . p  0 

Fig,  B-4  Infrared  Sensor  Model — Geometrical  EffeueS  .  .  B-17 

Fig.  B-5  Infrared  Sensor  Model—  atmospheric  Effects  .  .  B-13 

Fig.  B-6  Infrared  Sensor  Model— Probability  of 

Detection  .  .......  .  ,  B-20 

Fig.  B-7  (SLAR  Sensor  Model — Geometrical  Effects  ....  B-28 

Fig.  B-8  SLAR  Sensor  Model — Atmospheric  Effects  ....  B-29 

Fig.  B-9  SLAR  Sensor  Model — Signal  Power  .......  b-31 

Fig.  B-10  SLAR  Sensor  Model — Detection  Probability  .  .  ,  b-33 

Fig.  B-ll  SLAR  Sensor  Model-Decision  on  Target 

Detection,  Rocognlt -.on,  and  Identification  .  .  B-34 

Fig.  B-12  Radar  Sensor  Model--Signal  Enhancement  for 

Noncoherent  and  Scanning  SLARs  .  B-35 

Fig.  B-13  Visual  Sensor  Model — Geometry  and  Time  .  .  .  .  B-42 

rig.  B-14  Visual  Sensor  Mode] --Contrast  ...  .  B-43 

Fig,  R-15  Laser  Sensor  Model — Geometrical  Effects  .  .  .  8-46 

T ig .  B-16  Laser  Sensor  Model--Atmospheric  Eti.rts  ,  ,  ,  B-47 

s’ig.  B-17  Laser  Sensor  Model- — ProbaLi.Ii.ty  of  Detec- 

t  i  on . ....  B-48 

Fig.  B-18  Television  Sensor  Model  . . -  .  .  B-55 


B-v 


ILLUSTRATION  (Continued) 


Fig.  B-10  Passive  Night -Vis ion  Device  Sensor  Model  .  . 
Pig.  0-2*0  Ground-Based  MT1  Radar  Model . 


.  B-61 

.  B-66 


H-vi 


LIST  OF  TAn^,  J 


Table  B-I  Photographic  Sensor  Model-  Variables  and 

Dimensions  . . B-ll 

Table  B-II  Infrared  Sensor  Model — Variables  and 

Dimensions  . . B-2I 

Table  B-III  SLAR  Sensor  Model — Variables  and 

Dimensions  . . B-36 

Table  B-IV  Visual  Modal — Variables  and  Dimensions  .  .  B-44 

Table  B-V  Laser  Sensor  Model — Variables  and 

Dimensions  ................  B  19 

Table  B-VI  Television  Model — Variables  and 

Dimensions  ................  B-58 

Table  B-VI  I  P"VD  Model — Variables  and  Dimensions  .  .  .  B-63 

Table  B-VI I I  Probability  Curves  for  Detection,  Recog¬ 

nition,  Identification,  and  Terrain 
tasking  . B-fS 


B-vi  i 


Appendix  B 


SENSOR  MODELS 

This  appendix  presents  a  description  and  data  flow  diagram 
for  each  of  the  sensors  in  the  CRFSS-A  and  CRESS-3  computer  pro¬ 
grams.  These  models  were  developed  in  conjunction  with  Honeyrell, 
Inc.,  Minneapolis  during  the  SRI  participation  in  the  U.S.  Army 
study  'TAPS-75, "  in  1366,  and  in  the  SRI  study  'Systems  Analysis 
of  Advanced  Target  Acquisition  Systems  5.U),"  dorrs  for  the  U.S, 
Marine  Corps  Iaa  1967. 

iae  inodels  developed  in  theeo  studies  were  designed  for 
independent  simulation  of  the  performance  of  the  sensors  in  an 
aircraft,  or  observation  i  .  CRESS  is  designed  to  simulate 
the  combined  per  Pormance  of  the  group  of  sensors  in  a.i  airplane, 
or  observation  post,  however,  the  capability  to  simulate  the 
sensors  independently  also  remains  in  CRESS.  The  calculations 
to  simulate  the  numbers  of  objects  sighted  are  in  a  single  sub¬ 
routine  in  CRESS  instead  of  each  sensor  subroutine. 
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I  PHOTOGRAPHIC  SENSOR  MODEL 


The  analytical  model  developed  for  photographic  sensors 
includes  as  Inputs  mission  variables  (altitude,  distance  frost 
flight  path),  atmospheric  conditions,  sensor  parameters,  and 
target  element  characteristics.  Model  outputs  include  probabili¬ 
ties  of  target  element  detection,  recognition,  and  identifica¬ 
tion  . 

The  photographic  sensor  model  is  shown  in  block  dia¬ 
gram  form  in  Figs,  B-l  through  B-3,  and  is  based  on  an  ap¬ 
proximation  to  the  MTF  (modulation  transfer  function)  ap¬ 
proach  to  computing  system  resolution.  Results  obtained  from 
the  simplified  approach  should  be  sufficiently  accurate  to  simu¬ 
late  tactic&x  photo-r  connaissance  missions.  Simulations  of  very- 
high-resolution  strategic  reconnaiss jiice  systems,  however, 
might  require  that  MTF  techniques  be  used  in  the  computer  model. 

High-contrast  resolution  (R  )  is  obtained  from  an  optimum 

max 

balance  of  lens,  film,  anci  Image  motion,  as  shown  in  Fig.  B-l, 

for  postulaved  systems.  To  simulate  photographic  systems  for 

which  actual  operational  data  are  available,  only  the  operational 

value  of  high  -contrast  resolution  (R  )  is  necessary. 

max 

Figure  B-2  illustrates  the  computation  of  system  operational 

resolution.  Operational  resolution  (R)  is  related  to  high- 

contrast  resolution  (1  )  as  a  function  of  apparent  target- 

max 

contrast  modulation  (Ml.  As  shown  in  Fig,  B-2,  Intrinsic  tar- 

a 

get  contrast  is  first  determined  as  the  ratio  oi  nigh light  to 
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lowligtat  reflectance.  If  the  target  reflectance  Is  greater  than 
the  background  reflectance,  target  reflectance  will  be  used  for 
the  highlight.  Should  the  background  have  a  higher  reflectance 
than  the  target,  its  value  is  Mitered  for  highlight  reflectance 
and  the  target  reflectance  is  taken  as  the  lowlight  value.  In¬ 
trinsic  contrast  is  reduced  by  the  effects  of  haze,  smoke,  or 
rain.  Contrast  reduction  is  assumed  co  vary  exponent i*»lly  with 

the  ratio  of  slant  range  (S  )  to  visibility  range  (V  ).  The 

r  r 

visibility  range  (or  meteorological  range)  is  defined  as  that 
range  at  which  target  contrast  is  reduced  to  2  percent  of  its 
initial  value  (Ref.  1). 


The  g,„  -'atvy  of  the  photographic  model  is  shown  in  Fig.  B-3. 
Targets  are  assumed  to  have  sufficient  height  so  that  they  sub¬ 
tend  the  same  angle  when  viewed  obliquely  as  when  viewed  verti¬ 
cally.  Thus,  ground-resolved  distance  (D  )  varies  only  as  a 

S 

function  of  scale  (S)  and  system  operational  resolution  (R) . 
Photographic  scale  is  computed  for  four  camera  types: 

1.  Vertical  frame 

2.  Forward  oblique 

3.  Side  oblique 

4.  Panoramic  (vertical  or  forward  oblique). 


A  conditional  probability  'f  detection  is  next  determined 

as  a  function  of  the  ratio  of  target  area  to  ground -resolved 

2 

distance,  (D  .  D  /D  -  N  )„  The  detection  probability  ob 
tx  ty  g  p 

tainad  (P  )  is  conditional  on  the  e.ent  that  line-of -sight  and 
d 

the  decisions  on  whether  it  exists  or  not  are  made  external  to 


FIG.  B-1  PHOTOGRAPHIC  SENSOR  MODEL  -  HIGH  CONTRAST  RESOLUTION 


CONTRAST  M004JLAT ! QN 


RtSOLUTIOfi 


^SOLUTION 


PHOTOGRAPHIC  SENSOR  MODEL  -  GFOMETR!CAL  EFFECTS 


the  photographic  model,  However,  the  probability  of  docection 
printed  on  the  Control  Copy  incorporates  the  line-of-sight  pro¬ 
bability. 

The  detection,  recognition,  and  identification  probability 
carves  (Table  B-I)  included  in  the  photo  model  were  estimated 
from  the  limited  data  available  in  Refs.  2,  3,  and  4;  therefore, 
initial  results  of  the  simule+-i,’'ns  were  reviewed  by  SRI  and 
military  personnel  experienced  in  reconnaissance  missions  co 
“asure  that  the  probability  curves  yielded  realistic  target 
detections,  recognitions,  and  identifications. 

The  effect  of  photo-interpreter  performance  is  approximated 

by  having  the  probability  curves  approach  some  value  less  than 

unity  for  N  »i .  For  example,  if  the  photo-interoreters  are 
P 

assumed  to  detect  50  percent  of  the  unmasked  targets,  then  P 

d 

will  approach  0.2  as  N  grows  larger. 

P 

The  model,  is  called  on  twice  for  each  target  element,  once 

to  obtain  the  probability  of  detecting  the  element,  P  ,  a-,d 

de 

once  to  calculate  thj  probability  of  detecting  the  element's 

shadow,  P  ,  The  probability  of  detecting  that  type  of  target 
ds 

element  is  then  calculate*  as  P  =  l-(i-P  ) (1-P  )  in  the  c  a  1 1  i 

d  de  ds 
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PHOTOGRAPHIC  SENSOR  MODEL — VARI AISLES  AND  DIMENSIONS 

A *  Mission  Variables 

H  -  Aircraft  altitude,  feet 

V  •*  Lateral  distance  of  target  from  flight  path,  meters 

I  ~  Horizontal  plane  illuminance  foot  candles 

s 

V  -  Platform  ground-track  velocity,  knots 

8 

B.  atmospheric  Variables 

B  -■  Atmospheric  luminance,  foot-1  -zbercs 

a 

c  -  ’“ercent  cloud  o  ,rerage/A~0 

T  -  Atmospheric  transmission 

a 

V  Visibility  range  kilometers 

C .  camera  Parameters 

A  -  Relative  aperture  ('f-number) 

F  -  Filter  factor 

f  -  Focal  length,  inches 

K  -  Film-Absolution  coefficient,  ami  ^-{meter-candle- 

r  4  r 

seconds) 

-  Let:"  efficiency  ,  percent  diff a  »*.*ios»-l  imi ted/100 
p  -  T';  rcent  1&1C  error/.lOO 

T  -  Lens  transmission 

R  High-contrast  operational  resolution  (if  appli- 

IT!  3.X  r 

cable),  .ip/iron 

w  -  Residual  platform  rate,  radians/ second 

0  -  Forv'ard  oblique  depression  angle,  degrees 

(9  -  Si:  A  oblique  d  pression  angle,  degrees 

Camera 

type  -  Forward  oblique,  side  oblique,  vertical  frame, 
panoraml e 
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Table  B-I  (Continued) 


PHOTOGRAPHIC  SSrSOR  MODEL- -VARIABLES  AND  DIMENSIONS 


i).  Target  Characteristics 


Target  dimension  In  crosatrack  direction,  meters 

Target  dimension  In  flight  direction,  meters 

Highlight  reflectance  (target  or  background, 
whichever  is  la veer) 


Rj  -  Lowlight  reflectance  (target  or  background,  which¬ 
ever  is  smaller) 


E.  Constants 

-  1003  nnn/meter,  met-r/kilometer 

K2  -  3,3048  meter/fcot 

K.  -  12  inches/foot 

5 


F .  Variables  Iaternc.1  to  the  Model  On ’ y 

C  -  Apparent  target  contrast  (with  atmospheric  loss) 
a 

-  Intrinsic  target  cont'ast  (no  atmospheric  less) 

P  Ground-re  sol  veu.  distance,  meters 

1,  -  Fii’y,  iowliglit  illuminance,  meter-candles 

M  -  Apparent  contrast  Rc-luiation 

a 

N  -  Ratio  of  target  area  to  resolved  distance-squared 

P 

-  Probability  of  Detection 

-  Probability  of  identification 

F  Probability  of  recognition 

tv  -  Effect  operational  resolution,  lp/mm 

R,  -  ;<ens-onlv  re.-olution  (bigu-contrast) ,  lp/mm 
In 

R  -  High-contrast  resolution,  lp/mm 

at.  <; 

Sf  -  Forward -oblique  scale  factor 

S  -  Panoramic  scale  factor 

P 


Table  B-I  (Continued) 


PHOTOGRAPHIC  SENSOR  MODEL — VARIABLES  AND  DIMENSION 

-  Slant  range,  meters 

Sg  -  Side-oblique  scale  factor 

S  -  Vertical-frame  scale  factor 

v 

T  -  Optimized  exposure  time,  .seconds 

V  -  Image  velocity,  mm/second 


II  INFRARED  SENSOR  MODEL 


The  Infrared  censor  model  simulates  scanning-type  infrared 
systems  whose  imagery  is  recorded  line-by-lino  on  photographic 
film  in  a  manner  aowhat  analogous  to  the  photographic  strip 
camera.  SRI's  infrared  sensor  model  operates  according  to  the 
block  die; ran  presented  in  Figs.  B-  through  B-6 . 

The  geometric  characteristics  of  the  infrared  scanner  are 

shown  in  Fig.  B-4  The  sensor  angular  resolutions  in  the  flight 

(a  )  and  crosstrack  (a  )  directions  are  combined  with  slant 
x  y 

range  (S_)  to  yield  a  resolution  cell  on  the  ground  (A  ).  The 
-  S 

target  area  included  withiu  the  resolution  cell  (A  )  is  cal- 

te 

culated  along  with  any  background  area  (A  )  within  the  cell. 

be 

The  number  of  target  elements  resolved  (N+)  is  also  determined 
as  shown  in  Fig.  B-n. 

The  infrared  energy  radiated  from  the  actual  resolution 
cell  as  well  as  the  energy  radiated  from  a  reference  cell  as¬ 
sumed  to  contain  only  background  is  attenuated  by  atmospheric 

absorption  and  scattering.  The  absorption  coefficient  ( r  ) 

a 

and  scattering  coefficient  (r  )  are  computed  for  one  of  eight 

s 

infrared  "windows'  as  outlined  in  Fig.  B-5.  The  particular 
window  for  whien  the  absorption  coefficient  is  calculated  is 
that  window  whose  wavelength  interval  of  maximum  transmission 
corresponds  vo  the  wavelength  interval  of  peak  IR  detector 
response.  The  quantitative  values  for  determining  scattering 
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.-.go. — , 


( 

5 


t 


ana  absorption  are  taken  directly  from  Ref.  3.  The  altitude 

correction  tern,  A(H),  was  obtained  by  fitting  a  third-order 

polynomial  to  an  altitude  correction  curve  also  given  in 

Ref.  5.  Atmospheric  losses,  lens  effective  area,  and  r&nge- 

ucuared  loss  are  combined  for  convenience  of  notation  as  R  in 

o 

Fig.  8-5. 

The  power  received  at  the  infrared  detector  is  found 

(Fig.  B-6)  by  integrating  Planck's  equation  over  tne  wavelength 

interval  of  detector  response  for  both  the  actual  resolution 

cell  containing  target  and  surrounding  background  (P^)  as  well 

as  the  reference  cell  containing  only  background  (P*)„  Both 

o 

P^  and  are  then  compared  with  the  nolse-equivnleat-pover 

(HEP)  of  the  detector.  If  either  of  these  power  components  ts 

less  than  the  NEP.  the  actual  power  value  is  replaced  with  ffEP 

for  calculating  the  signal-to-noise  ratio  (S/N),  To  Illustrate, 

assume  that  P'  >  NEP  but  P'  <  NEP.  The  effective  target  power 
t  b 

will  then  be  set  equal  to  tne  actual  target  power  received 

(P^  -  P^),  but  the  background  power  will  be  clamped  to  its 

minimum  effective  level,  P^  =  Ni!P,  thus  yielding  a  smaller 

b 

(and  more  realistic)  value  of  signal-ti- -noise  ratio, 

Th<  conditional  probat llity  of  detection  (P, >  is  calculated 

d 

as  a  function  ">f  signal-to-noise  ratio.  As  is  the  case  with 
pnoto  and  radar  models,  the  probability  of  detection  is  condi¬ 
tioned  on  the  existence  of  line-of -sight  between  the  sensor  and 
target.  The  effect  of  IR  vegetation  cover  (C  .)  is  combined 

Vi 

with  the  conditional  probability  of  detection  to  yield  the  pro¬ 
bability  of  detection  (P  )  printed  on  the  Control  Copy. 

d 


B-15 


Interpreter  performance  is  included  on  a  percentage  per¬ 
formance  baaie  by  having  the  probability  curves  approach  c 

value  leas  then  unity  aa  N  becomes  very  large. 

t 

Table  B  I  lists  the  Infrared  Bedel  variables  and  their 
dimensions . 
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Table  B-II 


INFRARED  SENSOR  MODEL— VARIABLES  AND  DIMENSIONS 


A.  Mi&aion  Variables 

C  -  Percent  effective  IR  vegetation  coverage/ 100 
vi 

H  -  Aircraft  altitude,  feet 

V  -  Lateral  distance  of  target  from  flight  path,  meters 
Terrain 

type  -  Smooth,  rolling,  or  rough 


B. 


Atmospheric  Variables 

C  -  Percent  cloud  coverage/ 100 

c 

RH  -  Percent  relative  homidity/100 

o  o 

T  -  Absolute  ground  air  temperature,  C  +  273.2  =  K 

g 

V  -  Visibility  range,  kilometers 

r 

Infrared  Sensor  Parameters 


a 

x 

a 

y 


A 

X 


*  2 
Effective  lens  aperture,  meter 

Noise  equivalent  power  of  detector,  watts 

Net  angular  resolution  in  flight  direction,  radians 

Net  angular  resolution  in  crosstrack  direction, 
radians 

Lower  wavelength  limit  of  detector,  microns 
Upper  wavelength  limit  of  detector,  microns 


Effective  aperture  =  (physical  aperture)  x  (system  trans- 
miss  ion) 
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Table  R-II  (Continued) 


INFRARED  SENSOR  MODEL-VARIABLES  AND  DIMENSIONS 


Target  Characteristics 


D 

tx 

D 

ty 


T 

t 

'b 

ft 


Target  dimension  in  flight  direction,  meters 

Target  dimension  in  crosstrack  direction,  meters 

o  o 

Absolute  background  temperature,  C  +  273,2  =  K 

o  o 

Absolute  target  temperature,  C  +  273,2  =  K 
Background  emissivity 
Target  emissivity 


Constants 


A, 


1000 

0,3048  meter/ foot 

8  4  2 

1,19076  x  10  aucron  -watts/ meter 

4  o 

1.43870  x  10  micron-  K 

19.83 
4969  °K 
1,0000 

-6  ,  -1 

4.245  x  10  (feet) 

-11  -2 

3 ,62  x  10  (feet) 

17  -3 

5  x  10  (feet) 

Mid-wavelength  of  ith  window,  microns  (i  =  1  to  8) 

th 

Precipitable  water  constant  of  i  window,  mm 

th 

Absorption  constant  of  i  window,  mm 

th 

Absorption  constant  of  i  window 
Absorption  constant  of  i  window 
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Teble  B-TI  (Continued) 


INFRARED  SENSOR  MODEL— VARIABLES  AND  D I MENS TONS 


Variables  Internal  to  the  Model 


-  Effective  background  area,  meters 

2 

-  Ground-resolved  area,  meters 

2 

-  Target  area,  meters 

2 

-  Effective  target  area,  meters 

-  Ground-resolved  distance  in  flight  direction, 
msters 

-  Ground -resolved  distance  in  crosstrack  direction, 
meters 

-  Number  of  target  elements  resolved 

-  Effective  power  received  from  reference  resolution 
cell,  watts 

-  Powe-  received  from  reference  resolution  cell  con¬ 
taining  background  only,  watts 

-  Probability  of  detection 

-  Probability  of  identification 

-  Probability  of  recognition 

-  Effective  power  received  from  actual  resolution 
cell,  watts 

-  Total  power  received  from  resolution  cell  contain¬ 
ing  target  and  surrounding  background,  watts 

-  Power  received  from  bac.  -crc.’-.d  surround* ng  target 
within  resolution  cell,  wai  " 

-  Power  received  from  target  within  resolution  cell, 
watts 

-  Visibility  coefficient 
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Table  3-1 1  (Continued) 


INFRARED  SENSOR  MODEL— VARIABLES  AND  DIMENSIONS 


Y.  Variables  Internal  to  the  Model  (Contd.) 


R 

o  -  Intermediate  variable  f  r  convenience  only, 
aicron^-watts/meter2 


-  Slant  range,  neters 
S/N  -  Sign-.l-to-noise  ratio 


v  -  Precipitable  water,  bb 


X  -  X  dimension  of  target  ly^ng  within  resolution 
te 

cell,  meters 

Y  -  Y  dissension  of  target  lying  within  resolution 
te 

cell,  meters 

A?  -  Altitude  correction  term  for  absorption 

r  -  Attenuation  coefficient  due  to  atmospheric  ab- 
a 

sorpt ion 

r  -  attenuation  coefficient  due  to  atmcnheric  scat- 
s 
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Ill  RADAR  SENSOR  MODEL 


The  side-looklng-airborne-radar  (SLAR)  sensor  nod  el  em¬ 
ployed  hy  SRI  As  taken  directly  Iron  the  Klnneapol Is -fioneywell 
radar  model  (Refs.  5  and  7).  The  description  of  the  radar 
model  tbct  follows  deals  principally  with  .he  minor  aodifica- 
tic.us  nade  to  the  Honeywell  monel  to  simplify  it. 

The  modified  Honeywell  radar  model  employed  by  SRT  Is  out¬ 
lined  in  tne  block  diagrams  shown  in  Figs,  B-7  throiigh  B-12. 
Figure  B-7  describes  the  computation  of  ar.tenna  gain,  terget 
and  background  radar  cross -sect  .on,  nd  the  radar  cross-sectloo 
of  n  reference  call  assumed  to  contain  only  background.  The 
methods  shown  in  ?i .j,  l>-7  i-ra  idontiesi  to  the  HooeywelJ  ap¬ 
proach,  with  the  except  tor  that  target  lateral  distance  from 
the  aircraft  greurd  track,  is  fed  into  the  model  rather  than 
being  comp  .ted  j«.  j  part  of  tKe  model. 

The  radar  noise  pee  •  resulting  from  rain  bcckscatter  (F  .  > 

nc 

is  obtained  as  it.  Fig.  B-3  along  with  the  attenuation 

coefficient  ( r  )  ce  used  hv  atmospheric  and  rain  absorption, 

r  a 

Honeywell's  sou  el  uses  a  layered  atmosphere  for  several  pur¬ 
poses,  including  the  computation  of  rain  backscatter ;  SRI's 
model  assumes  an  average  rain  and/or  atmospheric  density  between 
the  sensor  and  ground,  The  SRI  model  also  assumes  that  all 
radar-  systems  employed  have  &  cosecant-squared’  antenna  gain 
pattern  receiving  uniform  power  from  the  ground  scene  indepen¬ 
dent  of  target  depression  angle.  This  characteristic  of  "ao- 


smusat~equ*r«d"  antennas  makes  poastble  a  simplified  eslcula- 
tioo  of  twin*  power  decs  It  t  on  th«  rain  cell  (Fig.  B-fl)  with¬ 
out  having  to  compute  tin*  a  jeclf ic  variation  in  antenna  gain 
along  the  rain  cell  by  sitting  the  cell  into  layers. 

Figure  B-9  shows  the  atepa  required  for  computing  the 

power  received  fro*  the  target  (P  )  and  background  (P  )  with- 

tt  tb 

in  the  resolution  cell  as  well  as  the  power  from  the  reference 

cell  (P  )  containing  o-iiy  background.  The  procedure  shown  in 
rb 

Fig.  B-9  is  identical  to  that  of  Honeywjll  for  coherent  radars. 
Noncoherent  and  scanning  radar  signal  enhancement  (pulse  inte¬ 
gration)  is  computed  as  shown  in  Fig.  B-12.  The  effective  num- 
ber  of  pulses  integrated  is  assumed  to  equal  the  square-root 
of  the  number  of  pulses  received*  as  suggested  by  Ref*  8  for 
post -detect ion  pulse  integration  and  an  operator  monitoring  a 
display  scope. 

The  procedures  for  calculating  mapping  and  MTI  signal-to- 
nulse  ratios  presented  in  Fig,  B-10  a^e  'Iso  identical  .o  the 
Honeywell  approach.  At  this  point,  the  SRi  and  Honeywell  models 
diverge,  with  the  Hooeyvell  model  using  the  signsl-tn-noise 
ratios  at  the  receiver  plus  a  radar  disolay-suo-e  raoc'e’  to 
arrive  at  a  binary  (yes  or  no)  deflator  on  '’et  ctlo.,.  Shi's 
model  assumes  that  the  display  rccje  is  included  in  the  pulse- 
integration  effectiveness  and  that  the  recording  film  places 
an  upper  limit  on  resolution.  The  SRI  model  then  calculates  a 
detection  probability  based  c-o.  the  MTi  o.  mapping  si6naI-lo- 


noise  ratios. 


The  decision  processes  for  MTI  detest ion  sod  for  detection, 
recognition,  and  identification  in  the  neppinf  node  are  ahoen 


in  Fig.  B-ll. 

Table  B-JII  presents  the  radar  model  variables  and  their 
dimensions . 
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6-8  SLAR  SENSOR  MODEL  -  ATMOSPHERIC  EFFECTS 


&MM  1133  191  119  SIM*  11 


FIG,  EM  2  RADAR  SENSOR  MODEL  -  SIGNAL  ENHANCEMENT  FOR  NONCOHERENT  AND  SCANNING  SUMS 


$i‘y  > 


Table  B-III 


SLAS  SENSOR  MODEL— VARIABLES  AND  DIMENSIONS 


A,  Mission  Variables 


C  -  Percent  Affective  radar  vegetation  coverage/100 

vir 

h  -  Aircraft  altitude,  feet 

Y  -  Aircraft  ’'elocity,  knots 

g 

Y  -  Minimum  lateral  radar  range,  meters 
mn 

Y  -  Maximum  lateral  radar  range,  meters 

ax 

Terrain 

type  -  Smooth,  rolling,  rough 


B.  Atmospheric  Vai iables 


-  Atmospheric  absorption  less,  aB/kilometer 

-  Rain  absorption  loss,  dB/ki lonseter 

3 

-  Rain  -ef lecti -ity  factor,  me-ers 


Sensor  Parameters 


-  Film-limiteo  - csolved  area,  '.eters 

-  Effective  linear  nzirauthal  resolution  of  synthetic 
anteriua,  meters 

-  Maximum  antenna  ga^n,  watts/ watt 

-  Ranbd  resolution  -  |  CT/ chirp-rat io ,  meters 

-  Minimum  detectable  velocity  (MTI),  knots 

-  Pulse  repetition  frequency,  seconds 

-  Radar  electronic  noise  power,  watts 
Transmitted  pulse  power,  watts 
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Tabl e>  6-m  (Continued) 


SLAP,  SEKSCtt  MODEL-- VARIABLES  AND  DIMENSIONS 


C,  ’  SLAh  Sen Parameters  (Contd.) 


Minimum  depression  angle,  replans 

-  Percent  MTI  blind  speed  toisrance/100 

-  Radar  wavelength,  meters 

-  Attenuation  coefficient  due  to  transmitter  plumb¬ 
ing  loan 

-  Attenuation  coefficient  due  to  receiver  plumbing 
loss  and  signal  filtering 

-  Attenuation  coefficient  due  to  receiver  plumbing 
loss  and  rain-clutter  filtering 

-  Horizontal  beamwidth,  radians 

-  Scan  rate  of  scanning  radar  radians/second 


Target  Characteristics 


-  Target  dimension  in  flight  direction,  meters 

-  Target  dimension  in  crosstrack  direction,  meters 

-  Target  velocity  component  normal  to  flight  track, 
knots 

-  Target  lateral  distance  from  flight  track,  meters 

-  Background  radar  reflectance 

-  Target  radar  reflectar.ee 


Constants 


-  0,3048  meters/ foot 

-4  -3 

-  2.302*9  x  10  -  (0.1  log  10)  x  10 

e 

-  0,5144  (sneter/secondj/knot 
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Table  B-IXI  (Continued) 


SLAR  SENSOR  MOTEL — VAR  I ABL«S  AND  DIMENSIONS 

Y.  Variable  Intern a I  to  the  Model 


Effective  background  area,  tasters 

2 

Resolved  area,  Meters 

2 

Ground-resolved  area,  meters 

2 

Target  area,  neters 

2 

Effective  target  area,  meters*" 

MTI  detection  decision,  yes  =  1,  no  =  0 

2 

Average  power  density  on  rain  cell,  watts/ meter 
Antenna  gain,  vatts/watt 

Uniformly  distributed  random  variable  (0<N^<1) 
Number  of  resolved  elements 
Probability  of  identification 
Total  noise  power,  watts 

Radar  noise  power  due  to  rain  backscatter,  watts 
Probability  of  detection  (MTI) 

Conditional  probatility  of  detection  (MTI) 
Probability  of  recognition 
Reference  background  signal  power,  watts 
Rain  backscattered  power,  watts 
Background  power,  watts 

Target  signal  power,  watts 
Receiver  background  power,  watts 
Receiver  reference  background  power,  watts 
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Table  8-1 I I  (Continued) 


SLAR  SENSOR  MODEL— VARIABLES  AND  DIMENSIONS 


Variables  Internal  to  the  Model  (Contd.) 


att 

PK 

bee 

Pmti 

Prrb 

P 

rtt 

P 

tc 

P 

tee 

PD 

o 

it . 


pv 

SN 


SN 


mti 


rte 


rte 


o 

r 


o 


Receiver  target  power,  watts 
Effective  reference  cell  power,  watts 
MTI  signal  power,  watts 

Reference  background  reflected  power,  watts 
Target  reflected  power,  w&tts 
Total  power  from  target  cell,  watts 

Effective  target  cell  power,  watts 

/  2 

Transmitted  power  density,  watts/meter 
Recognition  decision,  yes  =1,  no  =  0 
Slant  range,  meters 

2 

Rain  radar  cross-section  per  unit  volume,  meters  / 

i 

meter0 

Signal-to-noise  ratio  (mapping) 

Signal-to-noise  ratio  (MTI) 

MTI  blind  velocity,  knots 

Target  X  -  dimension  within  resolution  cell, 
meters 

Target  Y  -  dimension  within  resolution  cell, 
meters 

Depression  angle,  degrees 

2 

Reference  background  radar  cross-section,  meters 

2 

Rain  radar  cross-section,  meters 

2 

Target  radar  cross-section,  meters 


Table  B-1II  (Continued) 


SIAR  SENSOR  MODEL— VARIABLES  AND  DIMENSIONS 


P.  Variables  Internal  to  the  Model  (Contd.) 


9 

-  Background  radar  cross-section,  meters" 
ot 

r  -  Radar  attenuation  coefficient  due  to  absorption 
ra 
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J.V  VISUAL  SSKSQR  MODELS 

The  aerial  viaual  sensor  model  ..s  a  direct  adaptation  of 
the  Franklin  Whittenburg  visual  model .  Reference  9  presents  a 
detailed  description  of  the  model.  Figure  B-13  is  a  flow  chart 
of  the  model.  A  modification  to  allow  the  simulation  of  bino¬ 
culars  was  made  by  multiplying  the  apparent  size  of  the  target 
element  (SA)  by  the  magnification.  The  model  is  called  on 
twice  for  each  target  element  type,  once  to  obtain  the  probabili¬ 
ty  of  detecting  the  element,  P  ,  and  once  to  calculate  the  pro- 

e 

bability  of  detecting  the  element's  shadow,  P^.  The  probability 

of  detecting  that  type  of  element  is  then  calculated  as  P  * 

d 

1  -  (1  -  P  )(1  -  P  l  in  the  calling  program, 
e  s 

The  ground  visual  sensor  model  is  a  direct  adaptation  of 

the  aerial  model  depicted  in  Fig.  B-13,  The  altitude,  H,  is 

taken  as  0  and  the  effective  time,  T  ,  is  set  to  1. 

£ 

Table  B-IV  presents  the  visual  model  variables  and  the!.' 
dimensions . 


( 

i 
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VISUAL  SENSOR  MODEL  -  GEOMETRY  AND  TIME 


Tabie  B-IV 


VISUAL  MODEL-- VARIABLES  AND  DIMENSIONS 

A.  Mission  Variables 

H  -  Aircraft  altitude,  feet 

V  -  Aircraft  ground  soeed,  knots 

g 

Y  -  Lateral  distance  from  target  to  flight  path,  meters 

B.  Atmospheric  Variables 


HZ 

Haze  factor 

H 

o 

95  percent  haze  altitude,  feet 

A 

Visual  range,  kilometers 

c. 

Target 

Characteristics 

D 

tx 

Target  dimension,  meters 

D 

ty 

Target  dimension,  meters 

R 

h 

Highlight  reflectance  (TGT  or  BKGND,  whichever  is 
higher) 

R 

1 

Lowlight  reflectance  (TGT  or  BKGND,  whichever  is 
lower) 

D, 

Sensor 

Characteristics 

M 

Magnificat i jn 

E. 

Constants 

K2  - 

.3048  meter'feet 

K7  - 

1,0936  yards/ meter 
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V  LASER  SENSOR  MODEL 


The  laser  model  was  developed  at  SRI  during  the  Advanced 
Target  Acquisition  Study  for  the  U.S.  Marine  Corps  (Ref,  10), 
This  model  (see  Figs.  B-1S,  B-16,  and  B-17)  assumes  that  a  laser 
operating  in  the  IK  spectrum,  probably  at  10.6  microns,  will 
be  used  to  illuminate  the  target  area  and  that  a  receiver 
similar  to  the  Ift  line  scanners  will  be  used  to  process  the 
reflected  energy. 

Table  B--V  presents  the  laser  model  variables  and  their 
dimensions . 
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FIG.  B-16  LASER  SENSOR  MODEL  -  ATMOSPHERIC  EFFECTS 


Table  B-V 


LASER  SENSOR  MODEL — VARIABLES  AND  DIMENSIONS 


A.  Mission.  Variables 

C  -  Percent  effective  vegetation  coverage/ 100 
vi 

H  -  Aircraft  altitude,  feet 

Y  -  Lateral  distance  of  target  from  flight  path, 

asters 

Terrain 

type  ~  Smooth,  rolling  or  rough 


8.  Atmospheric  Variables 


C. 


RH 

S 

sj 

T 

« 

E 

aj 

h 

j 

r 

j 


Percent  relative  humidity/ iOO 
Scattering  area  ratio  of  particle 

o 

Absolute  ground  air  temperature,  K 

Absorption  area  ratio  of  particle 

Number  of  water  droplets  in  the  atmosphere, 
particles/ cm3 

Radius  of  water  droplets  in  the  atmosphere,  cm 


Laser  S  .so£  Pa) — rters 


NIP 


of. 

X 


or 

v 


D 

K 

3 


Neise  equivalent  power  of  detector,  wai.;s 

Net  angular  scrh  resolution  in  flight  direction., 
radians 

Ket  angular  scan  resolution  in  cross  track  direc¬ 
tion,  radians 

Average  powe*  from  CW  laser,  watts 

Diameter  o 2  receiving  optics,  meters 

Optical  efficiency  of  transmitter  optics  including 
scanner 
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Table  E-V  (Continued) 


LASER  SEES  OR  MODEL— VARIA3I.ES  AND  DIMENSIONS 

C,  Laeer  Sensor  Parameters  (Contd.) 

K  -  Optical  efficiency  of  receiving  aperture  including 
filter 

4^  -  Target  reflectivity 

-  Background  reflectivity 

it)  -  Transmitter  beanmidth,  steradians 

N  -  Number  of  receiver  resolution  cells 

#  -  Angle  between  nadir  and  target  for  air  system 

tb 

W  -  Precipitable  water  constant  of  i  window,  mm 

th  -i 

A  -  Absorption  constant  of  i  window,  mm 

1  th 

B  -  Absorption  constant  of  i  window 

th 

K.  -  Absorption  constant  of  i  window 

D,  Target  Characteristics 

D  -  Target  dimension  in  vertical  direction,  meters 
ta 

D  -  Target  dimension  in  flight  direction,  meters 
tx. 

D  -  Target  dimension  in  crossirack  direction,  meters 
&  -  Target  reflectivity 

£  -  Background  reflectivity 

AB 

E,  Constants 


K  -  1000 

1 

K  -  0.3048  meter/ foot 

2 

K  -  1 00 

3 


13-50 


Table  B-V  (Continued) 


T  .Die  B-V  (Continued) 


LASER  8EXSOR  MODEL— VARIABLES  AND  DIMENSIONS 

T.  Variables  Internal  to  the  Model  (Contd.) 


Am)  - 

Aa\ 

■  sA 

' 

A.  - 


Probability  of  recognition 

Effective  power  received  from  actual  resolution 
cell,  watts 

Total  power  received  from  resolution  cell  con¬ 
taining  target  and  surrounding  background,  watts 

Power  received  from  background  surrounding  target 
within  resolution  cell,  watts 

Power  received  from  target  within  resolution  cell, 
watts 

Measured  sensor  to  target  range  for  ground  system 
use,  meters 

Slant  range,  meters 

Signal-to-noise  ratio 

Precipitable  water,  mm 

X  dimension  of  target  lying  within  resolution  cell 
meters 

Y  dimension  of  target  lying  within  resolution  cell 
meters 

Z  dimension  of  tai  et  lying  within  resolution  cell 
meters 

Altitude  correction  term  for  absorption 
Molecular  absorption  coefficient 

-1. 

Particle  scattering  coefficient  (cm  } 

Particle  absorption  coefficient  (cu  ") 

,  -.1) 

Total  particle  attenuation  coefficient  (cm 
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VI  LLLTV  SENSOR  MODEL 


The  LLLTV  sensor  model  is  shown  schematically  in  Fig.  B-18 

and  represents  the  general  performance  characteristics  of  an 

image  intensif ier-SEC  v.tdlcon  tube.  Resolution  (in  TV  lines) 

is  assumed  to  be  a  function  of  photocathode  illuminance  (I  ) 

pc 

and  apparent  contrast  modulation  at  the  photocr  thode  (M  ) . 

a 

The  functions  approximating  tube  resolution  were  determined 

heuristically  for  photocathode  illuminance  in  the  range 
-7 

10  <  I  £  1  as 

pc 


N 

N  =  M 
max  a 

and 


where 


a  =  0.999736  a  =  0.0311491 

o  3 

a  =  0.0198410  a  =  0.0C524140 

1  4 

a  =  0.0725046  a  =  0.000277677 

2  5 


Photocathode  illuminance  is  determined  by  scene  illuminance 
(l  ),  target  reflectance  (R  ),  atmospheric  transmission  co- 

3  t 

efficient  (r  ),  lens  transmission  coefficient  (r  ),  and  the 
o  1 

relative  aperture,  or  f~number,  of  the  lens.  Contrast  ratio 
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of  the  target  against  its  background  (CM  is  calculated  and 
thee  attenuated  by  the  atmosphere  to  obtain  the  apparent  con¬ 
trast  modulation  at  the  photocathodo  (M  ).  The  modulation 

a 

transfer  function  of  the  objective  lens  is  assumed  to  be  unity 
for  the  relatively  low  spatial  frequencies  «50  line-pairs/moi) 
resolvable  by  TV  systems.  Apparent  contrast  modulation  and 
photocathode  illuminance  are  then  used  to  compute  the  effective 
operational  resolution  of  the  TV  system  00  according  to  the 
equations  listed  above. 

"he  number  of  target  area  elements  resolved  OM  is  then 

calculated  by  dividing  the  target  cross -sectional  area,  x 

(or  width  times  length  for  an  airborne  TV  system),  by  the  target 

resolved  distance  (D  ) .  D  is  obtained  from  lens  focal  length 

t  t 

(f),  operational  resolution  (N),  target  slant  range  (i?  >,  and 

r 

a  constant  (K  ),  as  shown  in  Fig.  B-18. 

9 

The  detection  probability  (Pi  depends  on  the  number  of 

d 

target  elements  resolved  (N^)  and  viewer  efficiency  (P^) .  Re¬ 
cognition  cannot  occur  unless  the  target  is  first  detected, 
and  identification  cannot  occur  unless  the  target,  has  been  both 
detected  and  recognized.  Note,  however,  that  the  printed  pro¬ 
babilities  of  recognition  and  identification  can  have  higher 
numerical  values  than  the  probability  of  cMection.  This  can 
occur  because  detection  probability  is  conditional  upon  line 
of  sight  and  viewer  efficiency.  Once  a  target  is  detected,  it 
Is  assumed  that  the  viewer  will  also  recognize  and  identify  it 
if  sufficient  resolution  exists  to  make  recognition  or  identift- 


SLANT  RANGE 


« 


cation  possible.  Furthermore,  if  detection  occurs,  then  line 
of  sight  must  exist.  Recognition  or  identification  probabili' 
ties  are,  therefore,  not  conditional  upon  line  of  sight  and 
viewer  efficiency. 

Table  B-VI  lists  the  LLLTV  model  variables  and  their  di¬ 


mens  ions . 


Table  B-VI 


TELEVISION  MODEL— VARIABLES  AND  DIMENSIONS 


A.  Mission  VariaLlag 

I  -  Horizontal  plane  Illuminance,  foot -candles 

II  -  Altitude,  feet 

Y  -  L«t«ral  distance  cf  target  from  flight  path, 

meters 


B.  Atmospheric  Variables 

V  -  Visibility  range,  kilometers 

T  -  Atmospheric  transmission  coefficient 

a 

C .  TV  Parameters 


B. 


f  -  Focal  length,  inches 

f-  -  Relative  aperture 

number 


max 

Target 


-  Photocathode  B.id -response  wavelength, 

-  Lens  transmission  coefficient 

-  Viewer  efficiency 

-  Maximum  possible  resolution,  TV  lines 
Characteristics 


microns 


-  Target  height,  meters 

P  -  Probability  of  line  of  sight 

los 

R  -  Highlight  rsflectance  (target  or  background, 

h  v 

whichever  is  larger) 

R  -  Lowlight  reflectance  (target  or  background , 

vMchever  is  smaller) 
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Table  B-Vl  (Continued) 


TELEVISION  MODEL-VARIABLES  AND  DIMENSIONS 


D.  Target  Characteristics  (Contd.) 

"  Target  reflectance 
-  Target  width,  etera 

E.  Variables  Internal  to  the  TV  Model 


C 

a 

C 

t 

D 

t 

I 

pc 

M 

a 

N 


N 

max 


N 

t 


P 


P 

r 

q 


Apparent  target  contrast  (with  atmospheric  loss) 
Intrinsic  target  contrast  (no  atmospheric  loss) 
Target  resolved  distance,  meters 
Photocathode  illuminance,  foot-candles 
Apparent  contrast  modulation 
Effective  operational  resolution,  TV  lines 

Maximum  resolution  (100  percent  modulation  at 

I  ),  TV  lines 
pc 

Number  of  target  elements  resolved 
Probability  of  detection 
Probability  of  identification 
Probability  of  recognition 
Visibility  coefficient 


F.  Constants 

-  1000  u..ters/kiiomef'er 

-  0.3048  meters/ foot 

-  4  inches  (2  TV  lines/line-pair  x  2-inch  screen 
widths 
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VII  PASGIV5  NIGHT-VISION  DEVICE  (KIVD)  SENSOR  MODEL 


Tfe«  passive  eight-vision  device  (PNVD)  model  is  shown  In 
Fig.  B~19,  Contrast  at  the  target  is  first  calculated  and  then 
attenuated  hy  the  atmosphere  in  a  manner  similar  to  the  photo 
model.  Note,  however,  that  the  target  and  background  reflec¬ 
tance  values  must  be  those  as  viewed  by  the  photocathode  used, 
rather  than  panchromatic  film  or  the  eye.  Th «”  is  necessary 
because  the  spectral  response  range  of  many  photocathodes  dif¬ 
fers  from  that  of  the  eye  or  panehromc  tic  film. 

After  apparent  target  contrast  i3  obtained,  the  resulting 

contrast  nsodulation  is  used  tc  determine  the  intensif ier- 

resolution  ratio,  R/R  .  The  maximum  or  high-c_ntrast  resolu- 

mar 

tion,  R  ,  of  the  intensifier  is  itself  a  function  of  photo- 
max 

cathode  illusinance.  These  functions  arc 


and 


’...ere 


R  =  R  (0.33M  +  0,67 (1 

."»»X  3 


EXP(-20M  >)) 
a 


R 

max 


dog  i  y, 

pc 


n 

0 

=  18.75-10 

b 

3 

1.0ii00£ 

D 

1 

-  20.3779 

°4 

=  0.3134011 

b 

2 

-  9,08042 

°5 

=  0.00900726 
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Photocatbod*  illuminance  la  determined  by  scene  illuminance 

(r  ),  target  reflectance  (R  ) ,  lena  transmission  coefficient 

a  t 

<  r^),  and  the  lena  relative  aperture  (f-number)  as  shown  in 

Fig.  B-IK.  The  photocathode  illuminance,  intensifier  maximum 

resolution,  and  resolution  ratio  are  then  combined  to  yield  the 

Ph'T)  operational  resolution,  R.  Target  resolved  distance  (D  ) 

t 

ia  computed  by  dividing  the  target  scale  (slant  ran^e/focal 
length)  by  the  PNVD  operational  resolution. 

The  detection  probability  (P  )  is  dependent  on  the  number 

d 

of  target  elements  resolved  (N  )  and  viewer  efficiency  (P  ). 

t  v 

Recognition  cannot  occur  unless  the  target  is  first  de¬ 
tected,  and  identification  cannot  occur  unless  the  target  has 
been  both  detected  and  recognized.  It  should  be  noted,  howevc. , 
that  the  printed  probabilities  of  recognition  and  identifica¬ 
tion  can  have  higher  numerical  values  than  the  probability  of 
detection.  This  can  occur  because  the  printed  detection  pro¬ 
bability  is  conditional  upon  line-of -sight  anti  viewer  effi¬ 
ciency,  Once  a  target  is  detected,  it  is  assumed  that  the 
viewer  will  also  recognize  and  identify  it  if  sufficient  resolu¬ 
tion  exists  to  make  recognition  or  identification  possible. 

Table  B-VII  lists  the  FWVD  model  variables  and  their  di¬ 
mensions  . 

The  FNVD  sensors  are  generally  assumed  to  be  ground-based 
only.  The  recent  Introduction  of  image-stabilization  techniques 
<rRef,  10),  however,  should  make  PNYl>s  feasible  and  desirable 
for  vehicle  and  airborne  employment  early  in  1969. 
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Table  B-VII 


PNVD  MODEL-VARIABLES  AND  DIMENSIONS 

A.  Mission  Variables 

I  -  Horizontal  plane  llluc  nance,  foot-candles 

s 

B.  Atmospheric  Variables 

V  -  Visibility  range,  kilometers 

r 

C .  PNVD  Parameters 

f  -  Focal  length,  inches 

f-  -  Relative  aperture 

number 

A  -  Photocathode  mid -response  wavelength,  microns 

pc 

7^  -  Lens  transmission  coefficient 

P  -  Viewer  efficiency 

v 

R'  -  Maximum  resolution  of  image-intensif ier,  lp/rnn 
max 

D.  Target  Characteristics 

-  Target  height,  meters 

P  -  Probability  of  line-o.f -sight 

los 

R  -  Highlight  reflectance  (target  or  background, 

h 

whichever  is  larger) 

-  Lowlight  reflectance  (target  or  background, 
whichever  is  smaller) 

W  -  Target  width,  meters 

t 

E.  Variables  Internal  to  the  PNVD  Model 

C  -  Apparent  target  contrast  (with  atmospheric  loss) 
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Table  B-VII  (Continued) 


PNVD  MODEL — VARIABLES  AND  DIMENSIONS 


E.  Variables  Internal  to  the  P>TVD  Model  (Contd.) 


Intrinci'’  target  contrast  (no  atmospheric  loss) 
Target  resolved  distance,  meters 
Photocathode  illuminance,  foot-candles 
Apparent  contract  modulation 
Number  of  target  elements  resolved 
Probability  of  detection 
Probability  of  identification 
Probability  of  recognition 
Visibility  coefficient 

Effective  operational  resolution,  lines/mm 
Target  reflectance 

High-contrast  resolut'on  at  operational  photo¬ 
cathode  illuminance,  lines/mm 


Constants 

K  -  1QC0  ar-.'raeter 

i 

K  -  39,37  inch/imster 

8 
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VIII  GROUND  BASED  MOVING  TARGET  INDICATOR  MTI)  RADAR  MODEL 


SRI's  simulation  of  the  ground-based  MTI  radars  utilize 
a  model  developed  by  Honeywell  (Kef.  11).  A  flow  chart  of  the 
ground -bap ed  MTI  radar  model  is  shown  in  Fig.  B-20.  A  pro¬ 
bability  of  detection  conditional  upon  line  of  sight  (P*)  wan 

d 

first  determined  by  comparing  target  slant  range  (S^)  to  the 

specific  range  capability  of  the  radar  set  employed.  Range 

capability  against  either  personnel  (S  )  or  vehicles  (S  ) 

rap  mv 

was  considered.  Overall  detection  probability  (P.)  was  next 

d 

computed  as  the  product  of  P*,  a  weather-degradation  factor 

(K  ),  and  the  MTI  velocity-threshold  factor  (K^) .  The  velocity- 

threshold  factor  was  obtained  by  comparing  the  target  velocity 

(V  )  with  the  radar-threshold  velocity,  (V  ) ,  Target  velo- 
t  min 

city  had  tv  equal  or  exceed  the  MTI  radar  threshold  velocity 
before  detection  was  possible. 

If  an  object  is  detected  by  a  ground  surveillance  radar 

(GSR),  it  is  assumed  th.  t  the  recognition  class  of  the  object 

can  also  be  determined.  Hence,  the  model  sets  P  =  P  .  Iden- 

r  c 

tification  is  considered  impossible  by  a  GSR,  so  that  =  0. 
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IX  PROBABILITY  CURVES 


The  mathematical  model  lor  each  of  the  sensor  types  re¬ 
quires  a  set  of  curves  for  the  probabilities  of  detection, 
recognition,  and  identification .  With  the  exception  of  the 
visual  models  (both  aerial  and  ground)  and  +he  ground  surveillance 
radar  model,  these  curves  are  given  in  empirical  form,  rather 
than  as  an  equation.  Table  8-VIII  lists  the  curves  in  digital 
form.  The  sensor  .'odel  descriptions  contain  the  definitions 
of  the  variables  (axes)  used  for  these  curves.  Table  B-VIII 
also  presents  the  probability  of  line-of -sight  associated  with 
terrain  masking  for  smooth  (PS1S),  rolling  (PMO),  and  “'High 
(PMR)  type  terrains.  These  probabilities  are  given  as  a  func¬ 
tion  of  distance  from  the  target  (YY)  and  altitude  of  the  air¬ 
craft  (HH). 

Tht  e  curves,  given  in  digital  form,  were  produced  direc¬ 
tly  onto  mats  for  reproduction  by  computer  processes.  Table 
B-VIIl  comprises  the  text  4  pages 


B-6  7 


Tabic  B-.III 

PROBABILITY  CURVES  FOR  DETECTION, RECOGNITION, !  DENT  IF  I  CAT  I  ON,  AND 

TERRAIN  MASKING 


0.090 

0.190 

0.200 

0.300 

0.400 

0.500 

0.600 

1.000 

1.100 

1.290 

1.300 

1.400 

1.500 

1.600 

1.700 

2.500 

2.750 

3.009 

3.200 

3.400 

3.600 

4.490 

4.600 

4.800 

5.000 

5.200 

5.4C0 

5.600 

5.800 

6.000 

6.200 

6.400 

6.600 

7.490 

7.600 

7.800 

8.000 

8.200 

8.490 

8.600 

PDS 

0.000 

0.013 

0.033 

0.066 

0.114 

0.190 

0,290 

0.720 

0.793 

0.838 

0.863 

0  885 

0.894 

0.898 

0.900 

0.903 

0.900 

0.900 

0.900 

0.900 

0.900 

0.900 

0.900 

0.900 

0.900 

0.900 

0.900 

0.900 


0 

0.000 

0.007 

0.870 


0. 
0.000 
0.013 
0.883 


0.000  0.000 


0.000 

0.030 

0.900 


0.000 

0.065 

0.900 


0.000 

0.110 


0.000  0.000 
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0.200  0.700  0.780 
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O.OOO  100.000  200.000  400.000  600. 000100:^001500. 0002000. 0003000. 000 


MM 

2.000 

2.500 

5.000 

5.590 

3.960 

4.000 

4.170 

4.220 

i  im 

4.500 

4.800 

5.000 

5.150 

5.400 

5.500 

6.000 

6.500 

6.000 

0.001 

0.007 

0.059 

O.UO 

0.271 

0.540 

'2.425 

0.450 

0.475 

0.588 

0.715 

0.777 

0.811 

0.857 

0.877 

0.900 

0.900 

WK7 

0.000 

0.010 

0.040 

0.090 

0.150 

0.250 

0.560 

1.000 

1.210 

1.440 

1.700 

1.970 

2.250 

2.550 

2.890 

6.250 

7.580 

9.0Q0 

10.200 

11.500 

15.000 

19.400 

21.200 

25.000 

25.000 

27.000 

29.200 

51.500 

54.009 

UP* 

35.70* 

57,200 

55.000 

70.500 

38.400 

74.000 

41.000 

45.600 

54.800 

57.800 

60.900 

0.009 

0.009 

0.000 

0.000 

0.000 

0.000 

0.000 

Q.0QQ 

0.000 

0.000 

0.00* 

0.000 

0.000 

0.000 

0.000 

0.000 

0.010 

«  C20 

0.045 

0.100 

0  180 

0.729 

0.810 

0.850 

0.880 

0.890 

0.898 

0.900 

0.900 

0.900 

0.900 

C  900 
0.900 

0.900 

0.900 

0.900 

0,900 

0.900 

0.900 

0.900 

!IPi 

0.000 

O.OOC 

C  000 

0.000 

9.000 

0.000 

0.000 

0.000 

0.000 

9.9*9 

0.000 

0.090 

0.000 
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0.900 

0.000 
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0.000 

o.o-o 

0.000 
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0.000 
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0.003 

0.000 

»  v07 
0.870 

0.015 

9.885 

0.050 

0.900 

0.065 

9.900 

0.11C 

0.200 

0.700 

0.780 

0.830 
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26.000 
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42.000 
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0.120 
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0.760 
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0.040 
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0,160 
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I  OBSTRUCTION  CLEARANCE  ALTITUDE 


This  appendix  develops  the  general  expression  used  In  sub¬ 
routine  OBST  for  the  computation  of  the  corrected  1 ine-of -sight 
clearance  height  (H/  in  meters)  for  the  two  obstacles  in  the 
path  card  input  data.  Tf  H*  is  positive  the  path  is  line-of- 
sight  and  if  H *  is  negative,  the  path  is  non-line-of- sight.  If 
there  are  two  Oustacles,  both  computed  to  be  non-line-of-sight , 
this  is  classified  as  a  multiple  obstacle  path  for  the  microwave 
attenuation  calculations. 

Figure  C-l  slows  a  diagram  of  the  geometry  (not  to  scale) 
assumed  for  the  expressions  to  follow.  In  the  real  world  environ¬ 
ment.  the  path  of  a  radio  wave  will  be  refracted  in  a  curved 
path  over  a  curved  earth.  However,  for  purposes  of  simplifica¬ 
tion,  this  model  assumes  t**“t  the  radio  wave  actually  travels 
in  a  straight  line  and  that  the  earth  radius  (R^)  is  adjusted  to 
correct  for  refraction  effects  by  the  constant  K  (generally 
assumed  to  be  4/3). 

It  will  be  recalled  that  all  obstruction  data  entered  on 
the  path  cards  give  the  obstruction  distance  from  the  sensor 
site  and  its  elevation  (h^,  in  meters).  In  addition,  the  alti¬ 
tudes  of  the  emitter  and  sensor  antennas  are  read  in  meters 
abo/e  sea  level. 

The  depression  dist an"  (AB)  is  the  effective  depression  of 
the  obstruction  due  to  res -action  effects  caused  by  the  change 
in  effective  earth  radius  which  is  modeled  to  intersect  the 
true  surface  at  the  sensor  and  emitter  site.  As  the  maximum 
path  length  in  this  CRBSS-S  program  is  500  km,  a  correction  fac¬ 
tor  for  the  compression  m  the  obstacle  height  dimension  (h^) 


is  not  made.  It  amoun  3  to  a  small  fraction  of  a  meter  for 
typical  terrain  data. 


Given:  h' ,  h^,  h_ ,  d,  do,  K,  Ry 

Calculate:  h'  b  H+AB  =  OC-R  -h  +AB 

o  3 

v.-iere 

b  =  Sensor  antenna  altitude,  meters,  ASL 
0  ^  s  30  km 

b  Emitter  antenna  altitude,  meters,  ASL 

0  £  h„  ^  30  km 
2 

h„  =  Tex  rain  obslrrction  altitude,  meters,  ASL 
J  0  £  h  ^  30  km 

d  a  S„u3or/emitteii  distance,  km 

0  <  d  ^  500  kit 

d  =  Obstruction/set:  sor  distant',  km 

°  0  <  d  *=  500  km 

o 

K  =  Earth  r  dius  correction  factor,  (K  =  4/3  nominal) 

R  =  Earth  radius  =  6.37  x  103  km 
o 

H  =  Spherical  earth  LOS  clearance  height,  km 

AB  =  Line-c “-bight  correction  for  refraction,  km 

-  Modified  I.OS  clearance  height,  km 
(where  H  =  *,  LOS; 

H  -  NliOS ) 

d 

a  =  radians 

ZK 

o 


d 

9  =  radians 

R 


Referring  to  Fig,  C-2,  consider  the  triangle  Oh  h  .  The  side 

i.  4* 


(h  h  )  -  (Oh, ) " 


(01x_>  2 


4- 


2(0!,)  (Oh  )  cos  (20)  ( 


using  the  sine  rule  of  triangles,  the  angle  Y  between  the  sides 
(h^hg)  end  (ho0)  is  solved. 


lVi) .  tA., 

Sin  2a  Sin  Y 


Sin  V 


(2) 


The  angle  P  between  the  sides  h  C  and  OC  is  equal  to 

dt 

[l80“Y-(20f-9)  ]  using  the  sine  rule 


Therefore ,  (OC) 


K)  .  joe] 

Sin  p  ~  Sin  Y 

(ob.,  \  Sin  Y  (r  +  ix  )  Sin  Y 
\  j  \  o  2  / 

Sin  p  “  Sin  p 


(3) 


H  =  OC  -  Rq  -  =  unmodified  clearance  height  (4a) 

K*  =  H  +  A3  =  modified  clearance  height  (4b) 

The  distance,  AB,  is  obtained  by  solving  for  the  coordinal  :s 

B(x,v)  and  for  the  coordinate?  A  (x  ,  y  )  obtained  by  the  inter- 

o  o 

section  of  the  circle,  with  rhe  earth  center  as  the  origin, 

x2+(yi-a)2  =  (KPv)2  (5a) 

o  o  o 

with  the  straight  line 


y  ---  x  Tan  (O'-0+it/2)  (5b) 

J  o  o 
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and  the  circle 


2  2  2 

x  +  y  a  R  (5c) 

Q 

with  the  straight  line 

v  =  x  Tan  (a-6+Tt/2)  (5d) 

■Then 

ab  V'  <y-yQ)2  (6) 

In  order  to  solve  for  a,  use  the  ’aw  'f  c.  ines  (triangle 
O'OI): 

(Kii  )d"  =  R  2  +  a2  -  2R  -Cos(rt-0'}  .  (7) 

o  o  o 


Rearranging  and  solving  for  a, 


cos(^-J)  ±  Voos2{:t-0')+K2-1  |  .  (8a) 

J 


The  geometry  inti  •"ate*:  that  we  should  choose  <ie  plus  sign; 
theret ore,  eq.  8a  educes  to: 


-  R 


3 


r 


R 

o 


cc>s(rc-o)  + 


(r-Qr)+K2-l. 


1 


(8b) 


The  distance  A~  is  calculated  as  .  ollows.  Substituting  eq,  5b 


into  5a  we  obtain 


y  2  cot2<Qf-6vjt/2)  +  (y  +  a)2  *  (KR)  2  (9a) 

o  o  o 

Bquatlon  9a  ia  equivalent  to 

v  2[cot2(o?-9+Jt/2)  +  l  ]  4  2ay  +  a2  -  (KR  )“  =  0  (9b) 

o  o  o 

Solving  eq.  6b  for  we  obtain 

“2  a  ±  +  l]  [a2  -  (KR  )2j 

y  m  - — _ _ _ £ 

2[cot2(o-8^jt/2)  +  l] 

(10a) 

r^oin  the  geometry  of  the  problem  ■  -  choose,  the  plus  si,?n;  further 
simplification  results 

-a  +  \/  a2  -  [csc2(Q'-9+rt/2)  ]  [a*-  -  (KR  )21 

-vo  =  - - 2 - 2 -  (10b) 

c sc  (Qf-9+n/?.) 


cot(c*-0+  :/2) 

a 

o 

i 

r  /  r;  f)  o>  .-) 

I  -a  +  Va“  -  [csc**(ff-?  .•  rt/2  !  ta“  -  (KR  )*] 

cot(o-6+n/2) 

j  o  - 

*  f\ 

L  j 

|  tsc^i  >-b+jt/2) 

111!') 


6 


Substituting  eq.  5d  into  eq.  5c,  we  obtain 

y2[cOt2<Q'-9+it/2)  +  l]  *  R0* 

Solving  lor  y  and  simplifying 

y  =  R  Pin(o~S+jt/2' 
o 

x  •-  y  cot(a-0+jr/2) 

-  R  sin(Q'--0+K/2’i^cotfa'-tt+5t/2)) 
o 

=  R  cos(a-9+?t/2) 
o 


Recal’ing  eq.  6, 

/.u 


(X-X  )2 

O 


+  (Y-Y  )2 
o 


(12) 


(13) 

(14a) 

(14b) 

(14c) 


whera 


x 

l()cos(a-9->-  ft/2) 

(14c) 

X  1= 

O 

r  1 

cot(o-6+jt/2)  j 
l.  ! 

-a  •*-  v'a"  -  ( csc2(Q-0+it/2)  ]  [~2  - 

(XR  )2] 

o 

csc^(Cf~0+n/2) 

(lib) 

y  -•  8  sir> <  !-~*+n/2) 

(13) 

wo. 


f 


II  PROBABILITY  OP  DETECTION 

The  propagation  equations  and  antenna  characteristics  ore 
used  in  the  calculation  of  uearability;  namely,  whether  the 
signal  chat  a  given  emitter  located  at  A  produces  in  a  given 
receiver  located  at  B  is  sufficiently  greater  than  the  back¬ 
ground  noise  to  be  detectable.  This  section  considers  the  fac¬ 
tors  that  determine  the  probability  that  a  hearable  signal  is 
actually  detected  in  the  situation  under  study.  These  factors 
are  derived  from  the  activity  pattern  of  the  emitter  and  the 
operating  procedures  of  the  receiver. 

The  emitter  activity  pattern  is  a  description  of  how  often 
and  for  how  long  the  emitter  i3  active  ("up")  during  the  time 
period  being  considered.  In  this  model  that  activity  pattern  is 
summarized  m  a  single  activity  factor,  p,  that  is  the  fraction 
of  the  time  period,  T,  during  which  the  emitter  is  up.  The 
total  emitter  up  time,  pT,  is  composed  of  an  unknown  number  of 
transmissions  distributed  randomly.  In  the  case  of  communications 
emitters,  activity  factors  are  usually  determined  ic^  the  nets 
in  which  the  emitters  operate  rather  than  for  the  individual 
radios;  emitter  activity  factors  can  then  be  based  on  specified 
knowledge  of  *-he  net  activity  pattern,  or  on  the  assumption 
that  the  net  up  time  is  shared  equally  among  the  emitters. 

The  procedure  used  by  the  receive:  ir.  searching  for  signals 
is  assumed  to  consist  of  a  series  of  n  periodic  checks  on  fre¬ 
quencies  known  to  be  used  by  the  signals  of  interest.  If  q  it 
the  fraction  of  time  that  the  receiver  listens  on  the  emitter's 
frequency,  each  listening  interval  has  a  duration  of  qT/n  (see 
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Tig.  C-2).  Detection  occurs  whenever  s  listening  period  over- 
lsps  an  emitting  period,  even  by  sn  infinitesimal  amount. 


During  esch  of  the  n  sub-intervals  containing  a  listening 
Interval  che  expected  duration  of  signal  transmission  is  assumed 
to  be  pT/n,  sod  the  probability  of  detection  during  the  -at  of 
these  sub-intervals  is  th'c  range  of  possible  positions  of  this 
expected  signal  duration  for  which  detection  (overlcp)  occurs, 
divided  by  the  to*  1  range  of  possible  positions  before  the  sig¬ 
nal  and  listening  phase  relations  repeat.  Because  the  listening 
intervr'^  occur  regularly  with  period  T/n  while  che  transmissions 
occur  r.ndomly,  the  phase  relations  »  *peat  in  T/n,  and  detection 
occurs  for  an  Interval  that  ie  the  sum  of  the  listen  and  signal 
intervals;  ben 'a, 


P 


D1 


p  T/n  +  q  T/n 
T/n 


p  +  q 


Since  the  emitter  has  U.-'n  assumed  to  be  active  in  a  random 
pattern,  the  orobability  of  detecting  it  on  any  check  i<3  indepen¬ 
dent  of  the  results  of  the  other  checks;  hence,  the  probability 
of  at  least  one  detection  in  n  checks  is  PD  «  1  -  (1  -  p  -  q)°. 

A  key  assumption  in  the  preceding  analysis  is  that  the 
emitter  activity  pattern  is  such  that  the  expected  total  duration 
of  the  signal  transmissions  is  the  same  in  each  sub-interval. 

If  this  assumption  is  believed  too  stringent  in  a  particular 
situation  under  study,  the  following  more  general  analysis  may 
be  used.  A  single  transmission  interval  of  expected  duration 
pT  occurring  anywhere  in  T  is  considered,  and  the  total  range  of 
its  possible  positions  is  T.  During  the  first  sub-interval  the 
probability  of  detection  is 


P 


D1 


i 


pT_+_qT/n 

T 


p  +  q/n 
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Kang*  of  possible  position*  fo* 
which  detection  occurs 


FIG.  C-2  ACTIVIT'  DIAGRAM  FOR  MULTIPLE  TRANSMISSION  MODEL 


Receive 


i - - - Interve?  effectively  searched  In  the  first  check 

FIG.  <•  3  ACT'VITY  DIAGRAM  FOP.  SINGLE  TRANSMISSION  MODEL 
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Tf=* 


The  probability  of  a  aiaa  ia  «  1  -  8ince  a  miss  on  the 

firat  check  implies  that  the  signal  was  not  up  for  an  interval 
(p  4-  q/n)  T,  the  range  of  posaible  aignal  location^  for  the  second 
check  ia  lees  than  the  full  interval  T  by  that  amount  (see  Fig, 
C-3).  Bence,  during  the  second  sub-interval,  the  probability  of 
detection  given  a  visa  in  the  first  check  is 


PD2|lQ 


P  +  q/n  ,  D 

1  ■  (M  q/n)  "  1  "  PM2|M1 


The  probability  of  a  miss  on  both  the  first  two  checks  is 


PM11I2  “  PM2|H1  *  PM1  “  1 


1  '  !P  +  'l/n> 


Similarly  the  probability  of  at  least  one  detection  in  T  is  one 
minus  the  probability  of  n  successive  misses,  or 


n 

n 

(p  ♦  q/n)  1 

n 

-  l  -  FT 

1  -  X  (p  *  q/n) 

IS 

1  -  <K-I)(p  +  q/n)  | 

-  1  IS 

1  -  (K-l)(p  +  q/n) 

K»1 

J 

K=1 

>*  np  +  q 

While  either  of  these  expressions  can  be  used  as  deemed 
appropriate  for  the  situation,  the  first  has  been  implemented  in 
the  model.  To  implement  the  second  would  require  only  a  minor 
change  In  ths  program.  Both  shew  that  while  the  probability  of 
detecting  a  specific  emitter  at  a  particular  time  may  be  low,  it 
increases  with  the  number  of  independent  checks  made.  The  multi¬ 
ple  transmission  model  shows  that  the  probability  of  detection 
is  unity  for  q  *  1  -  p,  while  the  single  transmission  model 
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requires  q  *  1  -  np  for  this  limit;  these  limiting  ccses  provide 
some  guidance  for  intercept  system  design. 


In  the  case  of  emitters  that  transmit  at  regular  intervals, 
such  as  most  radars,  synchronization  between  the  activity  pattern 
and  a  periodic  receiver  search  pattern  can  occur.  In  the  pre¬ 
ceding  models  we  assume  that  the  receiver  checks  each  frequency 
long  enough  each  time  so  that  this  effect  is  eliminated. 

It  should  be  noted  that  in  a  particular  scenario  under 
study,  specifying  the  number  of  emitters  or  nets  to  be  ™©nitored 
and  the  fractional  coverage  of  each  determines  the  number  of 
receivers  (monitoring  positions)  needed.  This  number  must  be 
compatible  with  realistic  TOE  limits  for  the  situation  and  time 
frame  considered. 


$ 


V 


In  using  either  of  the  models  described  above,  the  necessary 
factors  are  specified  by  the  user  for  each  emitter  and  the  pro¬ 
bability  of  detection  is  calculated.  This  value  is  compared  witn 
a  random  number  selected  from  a  group  of  uniformly  distributed 
random  numbers,  and  if  the  probability  of  detection  is  less  than 
the  random  number  drawn,  this  emitter  is  judged  detected  in  the 
simulation  if  it  is  hearable  at  the  receiver  in  question. 


This  effect  is  analyzed  in  detail  in  several  publications, 
including  P.  H.  Enslow,  Jr.,  'Some  Techniques  for  the  Analysis 
of  Intercept  Probability  in  Intercept  Receivers,"  TR  No.  516-1, 
Stanford  Electronics  Laboratories,  Stanford,  Calif.,  4  June  1959, 
UNCLASSIFIED. 
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III  ANTENNA  PATTERN  CHARACTERISTICS 

The  CRESS-S  program  develops  a  generic  antenna  radiation 
pattern  which  is  used  for  generating  all  the  sensor  and  emitter 
antenna  patterns  in  the  array.  The  detailed  antenna  descriptions 
are  obtained  from  SIGINT  sensor  and  target  input  data  descriptions. 
In  addition  there  is  an  antenna  file  where  11  generic  type 
antennas  are  described.  In  this  manner  emitter  and  sensor 
antennas,  HP  through  microwave,  from  whips  to  dishes  can  be  sim¬ 
ply  modeled. 

Figure  C-4  shows  the  generic  antenna  pattern  and  defines 
the  various  antenna  parameters.  The  plan  view  of  the  generic 
radiation  pattern  includes  the  scan  angle  (for  the  case  of  a 
sector  scan  natenna)  as  well  as  the  compass  bearing  of  the  antenna 
mean  scan  angle.  In  this  program,  it  is  assumed  that  in  the  verti¬ 
cal  plane  the  elevation  angle  of  the  main,  side,  and  back  lobes 
are  90  degrees,  starting  from  the  surface. 

For  the  case  of  HF  antennas,  the  antenna  parameters  generally 
assume  the  horizontal  beamwidtb  as  degrees,  thus  removing 
backlobe,  sidelobe,  scan  angle,  and  antenna  bearing  angles. 

For  the  microwave  antennas  operating  in  the  sector  surveil¬ 
lance  mode,  it  is  tacitly  assumed  that  the  search  time  of  the 
sensor  is  much  longer  than  the  scan  rate  of  the  emitter;  thus 
the  effect  is  to  increase  the  horizontal  beamwidtb  of  the  antenna 
by  summing  the  scan  angle.  For  the  case  of  a  microwave  antenna 
scanning  360  degrees  (such  as  a  sensor  antenna),  the  radiation 
pattern  is  assumed  to  be  a  hemisphere  with  antenna  gain  equal 
to  the  msinlobe  gain,  with  the  sidelobe  and  backlooes  eliminated. 
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SCAN 


MPIN  LOSE 


SIDE  L08E 


SACK  LOBE 


FIG.  C-4  GENERIC  ANTENNA  PATTERN 


Inputs  from  three  decks  of  cards  define  the  antenna  charac¬ 
teristics  for  a  given  sensor/cmitter  path  calculation.  These 
are:  emitter  cards,  sensor  cards,  and  target  cards. 


IV  PROPAGATION  EQUATIONS 


A.  General 

The  electromagnetic  propagation  model  used  in  this  program 
is  essentially  the  same  model  used  in  the  ACCESS  program  (ASA 
Computer  Controlled  Environmental  Simulation  System)  developed 
by  HRB-Singer,  Inc.  and  reported  in  Ref.  1.  Tne  propagation 
model  is  designed  to  provide  rapid  estimates  of  basic  transmission 
loss  referred  to  free  space  isotropic  transmitting  and  receiving 
antennas.  The  radio  frequency  range  of  the  model  lies  between 
0.1  MHz  and  40,0C0  MHz;  transmission  loss  is  computed  for  propa¬ 
gation  path  lengths  up  to  500  km  and  for  stationary  antenna 
altitudes  up  to  100,000  feet. 

Because  of  differences  between  dominant  propagation  mechanisms 
at  different  radio  frequencies  and  path  lengths,  the  model  has 
been  divided  into  five  frequency-distance  (P-D)  domains.  Since 
the  frequency  boundaries  selected  for  these  five  domains  are  con¬ 
stant  values,  this  chapter  has  been  divided  into  three  major  fre¬ 
quency  regions  on  the  basi?  of  general  propagation  mechanisms. 
Within  these  frequency  regions,  the  models  are  further  divided 
and  discussed  according  to  additional  frequency  criteria  and 
path  length  or  distance  criteria. 

The  five  frequency-distance  (F-D)  domains  are  labeled  below: 

Domain  I  Near-shadow  and  l*«c  of-sight 

region  0.1  to  60  MHz 

Domain  II  Transition  shadow  region  0.1  ti  30  MHz 

Domain  III  Far-shadow  region  0.1  to  60  MHz 

Domain  IV  Skywave  region  o.G  to  30  Miin 

Domain  V  Microwave  region  60  to  40,000  MHz 
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Figure  C-5  is  a  graphic  representation  » f  the  five  frequency- 
distance  (F-D)  doaains  used  for  groundwave  and  obstacle  diffrac¬ 
tion  node a  of  propagation,  while  the  domain  used  for  the  iono¬ 
spheric  akywave  node  of  propagation  is  shown  between  the  broken 
lines.  The  various  model  domains  are  labeled  with  roman 
numerals  and  are  discussed  below  to  indicate  the  assumed  propa¬ 
gation  mode  of  each  F-D  domain. 


B .  Ground  Wave  Propagation  in  the  0,1  to  60  MHz  Band 

1 .  Free  Space  Bssic  Transmission  Loss 

The  free  apace  less,  L,  in  dB.  referred  to  loss  less 

bi 

isotropic  transmitting  and  receiving  antenna  gains  can  be  written: 


L  a  32.45  +  20  log  F  +  20.log,  ..  D  (1) 

bl  1U  lu 


whore 

Lbf 

=  Free  space  loss  in  DB 

F 

»  Frequency  in  MHz 

D 

—  Path  length  in  km. 

2,  Domain  I 

,  Line- of-3ight  and  the  Near-Shadow  Regie 

In  the  first  frequency-distance  domain,  the  frequer.  ;  es 
between  the  constant  values,  o,l  MHz  5  F  ^  60  KH:r.  Propav  .  in 
p  h  lengths  are  in  the  line-of-sight  and  near-shadow  regiuns 
from  the  transmitter  between  zero  ana  a  variable  maximum  distance 
depending  on  frequency  ,  0  kn  D  5  SQ,/‘F'L  km.  Tne  raode  of  pro¬ 
pagation  in  domain  I  is  the  groundwave,  which  is  composed  of  two 
space  waves— one  direct  and  ore  ground  reflected — plus  tno  Norton 
{Reis.  2-7)  surface  w  ve,  T.h-1  equations  adopted  for  this  and 
the  remaining  two  groundwave  domains  sil,  ill)  are  general  with 
respect  to  the  conductivity  and  dielectric  constant,  wave  pro¬ 
perties  of  a  smooth  earth,  while  the  relative  magnetic  permeability 
of  the  earth  is  assumed  to  bo  unity. 
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F'G.  C-S  FREQUENCY-DISTANCE  DOMAINS  OF  FROFAGATlON  MODEL 


Some  en leans*  my  bo  carried  by  airborne  platfon&a;*  there¬ 
fore,  the  upper  iim^t  of  antenna  heights,  to,  in  all  domains  has 
been  fixed  at  100,000  feet ,  or  expressed  in  tersa  of  meters, 

0  ^  fc  i  30,400  aetera.  Since  antenna  heights  nay  reach  thia 

order  of  magnitude,  toe  possibility  also  exists  that  a  Modified 

1  /3 

distance  formula  different  from  D  <  80/F  can  be  applied  to 
find  the  maxloruu  range  of  applicability  for  the  loss  equations 
used  in  do** in  1,  The  additional  criteria  is  radio  horizon  dis¬ 
tance.  Since  radio  horizon  distance  la  not  frequency  dependent, 
thia  height-dependent  Unit  cannot  be  '  laced  on  Fig.  C-5  in  the 
fora  of  a  single  line  depicting  the  general  case.  Such  data 
would  appear  aa  a  family  of  lines,  each  line  representing  a 
specific  combination  of  transmitter  and  receiver  antenna  heights 
Nevertheless,  the  new  general  distance  range  can  bts  restated  to 
account  for  the  dual  criteria  of  frequency  and  antenna  heights 
aa  follows: 


0  <  D  <  Mariam*  (/^  +  y\) 


where 

k  =  4/3,  earth  radius  correction  f  .-'  tor  to  account 

for  refractive  bending  of  radio  rays  in  the 
lower  atmosphere 

a  *  nominal  earth  radius,  (6,370,000  OKters' 
fc.  «  height  of  transmitting  enteima  above  ground  (meters) 
»  height  of  receiving  antenna  above  ground  (meters' 


*?ote  that  tho  preseut  simulation  model  includes  elevated 
antennas,  but  plays  them  ns  stationary  emitters  and/or  sensory 
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D  a  distance  between  transmitter  and  receiver  antennas 

(km) 

F  «  frequency  (MHz) 

The  Ime-of-sight  region  la  treated  In  the  convent  tonal 
marine* ,  with  the  smooth  spherical  earth  being  modeled  by  a  plane 
earth  having  the  same  conductivity  and  dielectric  constant. 
However,  the  magnitude  of  the  plane  earth  losses  Is  obtained 
from  a  new  simple  empirical  relationship  in  a  real  variable. 

Thi"  ne«-  function  reproduces  within  necessary  engineering  accu¬ 
racy  the  magnitude  of  the  classical  theoretical  function  (within 
about  1  dB).  Hie  theoretical  function  which  has  been  replaced 
is  the  well-known  flat  earth  loss  function 


f(P,B) 


where  the  parameters  are  defined  following  eq.  5. 

For  the  region  of  the  near  shadow,  which  lies  beyond  the 

1/3 

radio  horizon  but  extends  only  to  a  classical  range  of  D  =  80^P 
kw  from  the  transmitter,  the  propagation  model  uses  only  the  mag¬ 
nitude  of  the  Norton  surface  wave  expression.  / before,  the 
new  empirical  relationship  for  the  magnitude  of  these  plane  earth 
losses  is  used  in  place  of  the  more  complicated  theoretical 
expression. 

The  basic  transmission,  loss  over  a  plane  finitely  conducting 
earth  is  calculated  as  follows: 

a.  The  basic  plane  earth  losses,  L.  in  dB,  are  found 

bp 

by  adding  to  the  basic  free  space  lose,  L^,  the  plane  earth 


lo«r  la  axeeaa  of  free  space  loss, 


where 


•20  log 


E  *  Plane  earth  signal  intensity 

p8 

Eg  m  Free  space  signal  intensity 

p  •  1  +  J  R«"J6  +  (1  -  ft)  f(P,  B)  e'j9 
Bf 


(3) 


(4) 


where 


Complex  reflection  coefficient 


*V  »  * 


ft 

r 

i 


(t-jx)Qln  t  •*  /For  vertical \ 

(«-jx)81n  *  *  V  polarization/ 


x  -  60  a\ 

f  *  Grazing  angle 

E  a  Reflected  field  strength 
R 


The  present  simulation  treats  all  emissions  for  domains  1,  II, 
and  III  as  being  from  a  vertically  polarized  electromagnetic 
wave.  This  limitation  also  exists  in  the  ACCESS  model. 
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FIG.  C-6  GEOMETRY  FOR  PLANE  EARTH  CALCULATIONS 


FIG.  C-7  GEOMETRY  FOR  SPHERICAL  EARTH  CALCULATIONS  AT  POINTS  WITHIN 
THE  UNE-OF-SIGHT 
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m  - 


10.4T2 


«  +  x 


-  1)*  4  X- 


«  4  l  + 


*  <«-»  (() 
<«-*>(;) 


The  ab>ve  expression*  are  employed  for  the  estimation 

a 

of  average  plane  earth  loacea  when  the  llne-of-aight  between 
transmitter  and  receiver  la  unobstructed  by  the  bulge  of  the 
saooth  spherical  earth  or  by  rough  terrain.  That  is: 


D  *  4.122  (  -^  +  ) 


The  tens  average  la  vised  here  In  the  sense  of  an  average  taken 
over  a  spatial  selection  of  points  in  the  vicinity  of  the 
receiver. 


w. 


and 


/ 

H 


unobstructed  1 ine~of -sight 


where  H*  is  the  corrected  line-of -sight  clearance  altitude.  The 
derivation  of  H*  is  covered  in  Sec.  II  of  this  appendix. 

Within  this  line-of-sight  region  of  domain  1,  the  term 
J  becomes  less  than  unity  only  for  large  distances  combined  with 
large  heights.  J  accounts  for  the  added  divergence  of  rays  re¬ 
flected  from  a  sphere,  compared  wi+h  rays  reflected  from  a  plane. 
For  the  same  large  height-distance  combinations, 


hl  +  N 


,01778 

„l/3 


i|i#  i=  used  in  place  of  f  to  account  for  the  difference  in  grazing 
angle  between  the  spherical  earth  and  the  plane  model. 

When  the  path  length  lies  beyond  the  radio  horizon  die- 
1  '3 

tanee,  out  less  than  80/F  '  (km),  the  plane  earth  loss  function 

simplifies  considerably  into  the  near-shadow  function.  Thus, 
in  this  range  of  distances, 


4.122  (  Vh  + 

X 


)  <  D  s 


(km) 


and 


0  <  H* 


17 


one  finds  that 
of  free  space. 


L  L  =  plane 
pe  ps 

Since  +  iirect 


earth  surface  wave  loss  in  excess 
pnd  ground  reflected  rays  are 
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blocked  by  the  bulge  of  the  earth,  eq,  4  reduce*  in  the  new  case 
to  a  single  aurface  wave  term. 


„  ,  „  Jb  jb 

R  *  -1,  Pe  m  pe  , 


and  the  phase  angle  6  can  be  disregarded.  Thus, 


Lp.  *  -201°*io 


E 

_E£ 

Ef 


ps 


Field  intensity  of  the 
nlane  surface  wave 


E 

_£* 

E 

1 


2  f  (p.b) 


(6) 


with 


f<P,b) 


.793 

.0274 

P 

1  +  1.5446P*®168  -  f^P.b) 


1.0609 


(7> 


wnere 


fj(F,b)  is  defined  functionally  by  5b 


where  p  rad  b  are  given  with  eq.  5.  That  is,  eq.  7  is  given  for 
a  aero-height  antenna  system,  hj  *  *  0.  In  order  that  this 

same  zero-height  relation  can  be  used  to  estimate  losses  for 
near-ahadow  heights,  h  <  0,  a  height-gain  factor,  f(q),  is  used 
for  each  antenna  and  is  multiplied  into  the  zero-height  value 
obtained  from  eq.  7.  Therefore,  the  basic  near-shadow  loss  be¬ 
comes: 
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('  Near  \ 
shadow  j 
,  loss  / 


(Free  \ 
space] 
loss  / 


/Excess  of  free~Bpace\ 
\  shadow  loss  J 


bn 


bf 


E 

20  log  — 
10 


(8) 


where  E  =  Plane  earth  approximation  of  the  near-shadow  loss. 


—  -  2  f (p,b)  [f (q  ) ]  [f(q„)] 

Et 


(P 


where 


f  (q) 


-V 


1  +  q  -  2q  cos 


(f  +  l) 


(10) 


where  q  »  2ithAL;  b  and  L  are  defined!  in  eq.  5. 

3 .  Domain  II ,  Transition-Shadow  Region 

The  second  frequency-distance  domain  lies  between  the  wave 
frequency  limits  0.1  MHz  5  F  ^  60  MHz.  Propagation  path  lengths 
lie  between  limits  maximum 

[4.122(vh^  +  vh ”),  80/Fi/3]  <  D  ->  557  3/^F1''3 

(km)  where  P  lies  between  limits  .081  P  ^  1.607  depending 
o  o 

on  F,  o,  and  e,  and  is  deiined  in  more  detail  latei .  The  propa¬ 
gation  mode  cf  domain  IT  is  the  groundwave  and  is  composed  of 
the  Norton  surface  wave.  This  domain  is  commonly  called  the 
transition-shadow  region.  This  name  has  foundations  in  the 
mathematics  of  the  theoretical  solution.  That  is,  the  transition- 
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ahadow  region  -jrfands  over  the  range  of  distances  where  no  staple 
theoretical  expression  has  yet  been  found  to  yield  nunerical 
results  with  c  sin4!Eca  of  calculation  effort.  It  ext_«ds  bet¬ 
ween  the  two  regions  (near  and  far  shatiow)  where  simpler  asymp¬ 
totic  solutions  do  exist. 

The  transition-shadow  region  is  treated  by  a  new  empirical 
relation  that  provides  numerical  results  for  a  zero-height  antenna 
system  compatible  with  the  accuracy  of  Norton' 3  (Ref.  2)  classic 
graphical  method  of  1941 . 

The  basic  transmission  loss  for  the  spherical  earth  is  cal¬ 
culated  as  follows: 

a.  As  shadow  distance  increases  beyond  the  useful  range 
of  the  plane  earth  approximation,  the  region  of  the  transition- 
shadow  and  of  the  far-shadow  are  found.  In  the  transition- 
shadow  region  a  smooth  empirical  function  is  used  to  find  the 
spherical  earth  loss. 

b.  The  form  of  th  basic  transition-shadow  loss  is 


bt 


L._  +  L  . 
bf  st 


(11) 


st 


spherical  earth  ti ansition-shadow 
loss  In  excess  of  fre0  space 


st 


-20  log 


st 


10 


' 

p 

1.05  Si 

r 

i 

1 

. 2611i 

,  [f(q1>] ff (q?)] 

m 

P 

/  i-24  \ 

/  \  3 . 83 

/J 

J*  + 

[  m  +  .45  J 

w  1 

(12) 
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where 


l  ■  n  -  a 


,9168 


a 


.0274  + 


_ [l.0609f1(po>b)]  »  ac 

1  +  1.5446P  ,0168  -  f  (p  ,b) 
o 


l'ro’ 


.006026p 


2.9777 


. 7656p 


1 . 3993 


m  = 
o 


l+.003013p  2‘9t77  l+3.179p  1,3993 

o  o 


-  ,4771 


f1(PQ,b)  is  defined  functionally  in  eq.  5b. 


.26487 


arc  ten 


e+l+(e-\) 


_ (Vi , 

x  +  <s  -  2)(j'}  j 


r-  = 


jtD  /  1  .  _  . 

—  f  where  L  =  (s*'C  ^q.  19) 


K  =  (See  eq.  18) 
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«  -  3.1905 

0  ■  (9m  eq.  17) 

o 

Q  „  . 

•  4.1906  _8.3ell 

Po  ' 

Y  ■  (See  eq,  16) 


E*  » * 

1,586 

1 

P  *  ?o 

,0274 

lPo 

1  +  1.5445  po*9168  -  f1(Po,b) 

f(q)  *  (See  eq.  10) 


4.  Domain  HI,  Far-Shadow  Region 

a.  Hie  third  F-D  domain  lies  between  the  frequency 
limits  0.1  KHz  F  £  60  MHz.  Propagation  path  lengths  lie  beyond 
the  limit 

D  >  557.3/0  F1/Z 
o 


(km)  whern  9  lies  between  the  limits  .681  &  9  £  1.607.  depending 

o  o  r  r  " 

upon  F,  and  e,  and  ia  defined  in  more  detail  later. 

b.  Tbs?  propagation  mode  of  domain  III  is  the  ground- 
wave  which,  in  this  region,  is  composed  of  the  Norton  surface 
wave.  The  asymptotic  exponential  form  for  field  strength  in  this 
far-shadow  region  is  used  to  calculate  the  basic  system  loss. 

The  for®  of  the  basic  deep- shadow  (far-shadow)  loss  is 


be- 


-bf 


+  b 


ed 


(13) 


Lsd  *  Spherical  earth  deep-shadow 
loss  in  excess  of  free  space 


r» 


34 


L  .  a  -20  log  _  _ 
sd  *10  E 


ad 


04) 


6.7888Y 


-.0066220  P1/3D 
e  o 


[«(q1)Jlf(q2)] 

(10) 


where  the  terms  Y  and  0  originate  from  the  classical  theoretical 

o 

solution  involving  the  sum  of  the  ttatson  residue  series.  How¬ 
ever,  sim*'  e  empirical  relations  have  been  found  for  these 
pur.; meters  in  the  variable  £,  neglecting  their  small  dependence 
upon  b,  as  follows: 


Y 


. 07618K 


1  +  19.05K 


6.578 


.3040 


(16) 


while 


0  =  (1.607) 

o 


[l  +  2.253K2,843 


[- 


47.74K' 


3.461 


.3517 


.2889 


. 01778L 

/3 


(17) 


(18) 


L 


2  2 
e  +  x 


•J(s  -  l)2  -t  x2 


(19) 


C-35 


5.  Terrain  ObitKjj  loam  for  Groundwave  Domains  I,  II, 
and  hi  "  — 

a.  A  mechanism  fur  aatlnating  system  loss  over  rough 
•arth  (Ref a.  12-20)  ban  been  Incorporated  In  the  propagation 
»od©l.  When  the  path  llne-of-algnt  la  obatructed  by  terrain,  a 
simple  obatacle  loaa  tera  la  added  to  the  plane  earth  loan  func¬ 
tion  aa  an  eatlnate  of  total  loaaea.  This  obatacle  loss  tera  la 
proportional  to  the  half -power  of  the  electrical  height,  2it  hVx, 
of  the  obatacle  above  line-of-slght  level.  When  >  D2/17,  the 
prograa  will  select  the  obstacle  path  foraula,  which  yields 
generally  greater  leases  at  the  shorter  path  lengths,  and  lesser 
losses  at  ?.onger  path  lengths  than  would  be  estimated  by  the 
spherical  earth  formulas  discussed  earlier.  This  la  ~ue  because 
the  obstacle  path  forwula  is  composed  of  the  free  sp  ce  loss  plus 
the  plane  errth  loss  plus  the  obstacle  loss.  There  ore,  at  some 
point  In  the  transition  region  and  beyond,  it  1*  .pec ted  that 
spherical  earth  losses  would  generally  exceeu  the  obstacle  loss 

plvt«  the  plane  earth  loss,  and  the  model  would  thus  favor  the 

s  2  t 

obstacle  formula  when  H  >  0  /17,  This  H  -D  limit  would  override 
the  normal  shift  from  plane  to  earth  to  transition  or  shadow 
spherical  earth  formulas  at  the  usual  F-D  limits  discussed  earlier. 

b.  The  basic  transmission  loss  for  the  plane  earth 
.•'a+h  with  a  terrain  obstacle  Is  calculated  as  follows.  When  the 
height  of  the  terrain  exceeds  the  height  of  the  line-of-sight  ray 
by  an  emount  F*  which  is  larger  than  twice  the  bulge  height  of 
the  smooth  spnerlcal  earth,  the  path  is  classified  as  a  plane 
earth  path  with  a  terrain  obstacle,  Thar  is,  the  condition 
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where  U/  is  in  meters  and  D  is  in  1cm,  defines  the  H*»D  doss in  of 
the  terrain  obstacle  path  for  the  0.1  MHz  s  F  4  60  MHz. 


The  basic  transmission  loss  for  this  type  of  path,  like 

the  near-shadow  path,  is  much  simpler  than  for  the  line-of “sight 

region.  The  total  basic  .loss  for  the  obstacle  path  becomes  the 

basic  free  space  loss  L,_ . ,  plus  the  plane  earth  loss.  L  ,  plus 

oz  pe 

the  terrain  obstacle  loss  L  . 

to 

(Total\  /Free  \  /Plane\  /Terrain  \ 

basic]  e  I  space]  +  i  earth)  +  (obstacle) 

loss  /  \loss/  \loss  /  \  loss  / 


L 


bo 


bf 


L  +  •  <20> 

pe  to 


However,  since  the  line-of-sight  path  is  obstructed,  both  the 
direct  and  ground  reflected  rays  are  eliminated  from  eq.  4.  in 
addition,  even  the  surface  wave  term  can  be  further  simplified 
by  setting  R  =  -1,  P  =  p,  Ban,  by  disregarding  the  phase 
angle  9.  Therefore, 


L  -*  L 

=  Plane  surface 

wave 

loss 

pc  p  s 

in  excess  of  free 

space 

E 

L 

ps 

-20  log  P- 

no  e£ 

E 

=  Plane  surface 

wave 

field 

ps 

intensity 

E 

_R* 

E, 

=  2  f (p,b; 

(21) 
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*Cp,b) 


793  If  1 

[  1  .  1 .5446  p'916«  - 


1.0609 


(22) 


where  f^(p,b)  is  defined  functionally  in  eq.  5b.  The  terrain 
obstacle  loss  becomes 

-  .(yrsjn7?  (23) 

to 


where  h'  is  the  terrain  height  (in  meters)  in  excess  of  the 
height  of  the  line-of-sight  ray  as  derived  in  Sec.  II,  of  this 
appendix. 

6.  Foliage  Losses  for  Groundwave  Domains  I,  II,  and  III 

Foliage  losses  are  treated  by  a  simple  empirical  function 
relating  the  attenuation  per  meter  of  screen  thickness  resulting 
from  the  propagation  of  radio  waves  through  a  wooded  screen  path 
lying  between  the  receiver  and  transmitter.  The  information 
yielding  this  relationship  has  been  compiled  from  various  litero- 
ture  sources  (Refs.  8-12). 

An  examination  of  the  literature  on  the  problem  of  foliage 
loss  has  yielded  a  useful  exponential  relation  for  expressing 
the  foliage  loss  in  excess  of  free  space  and  other  independent 
factors,  as  a  function  of  frequency  and  distance. 

Lfl  =  .00139dF<767  (24) 

where  F  is  the  frequency  in  MHz  and  d  is  the  sum  of  the  path 
lengths  in  meters  through  the  foliage  screen  between  a  giver, 
emitter/sensor  path.  The  sum  d  is  obtained  at  the  ssme  time 
manual  map  work  is  being  performed  to  record  the  terrain 
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obstruction  data  which  is  to  be  used  for  line-of -sight  calcula¬ 
tions  elsewhere  in  the  program.  These  input  data  are  recorded 
in  the  path  card  deck. 

7.  HP  Ionospheric  Skywave  Propagation }  Domain  IV 

The  fourth  F-D  domain  of  the  propagation  model  lies  between 
the  frequency  limits  of  3  MHz  and  30  MHz.  However,  it  should  be 
pointed  out  that  these  limits  could  be  extended  from  2  MHz  to  50 
MHz  as  the  mathematics  used  are  sufficiently  accurate  for  this 
simulation  to  operate  between  these  wider  limits,  if  desirable. 

The  mode  of  propagation  in  this  domain  is  the  ionospheric  sky- 
wave.  The  methods  for  estimating  skywave  path  loss  over  distance 
ranges  to  500  km  have  been  taken  from  the  latest  empirical  methods 
used  in  modern  computer  routines  (Refs.  13,14).  Because  of  the 
shorter  distances  and  time  durations  normally  encountered  in 
tactical  warfare  and  therefore  desired  for  the  present  program, 
new  and  simpler  relations  could  be  adopted  in  "lace  of  the  more 
general  relations  used  in  these  references.  This  simplification 
can  be  studied  in  subsequent  follow-on  simulation  studies.  In 
general,  either  a  single-hop  E-lsyer  or  a  single-hep  F-layer  mode 
is  possible  from  the  routine. 

Basic  methods  for  graphically  determining  the  probable  path 
losses  for  HF  Ionospheric  transmission  paths  have  been  well  known 
for  many  years  (Refs.  15,  1€),  but  these  methods  are  not  suitable 
for  direct  utilization  In  a  computer  simulation  program.  Numerical 
methods  for  predicting  these  path  losses  have  been  developed 
recently;  two  somewhat  similar  computer  schemes  have  been  pro¬ 
grammed  to  perform  these  computations  (Ref 3,  13,  14).  However, 
both  of  these  programs  are,  general  purpose  routines  which  include 
provisions  for  computation  of  expected  losses  and  other  pertinent 
parameters  of  world-wide,  24-hour,  multi -hop  paths.  These 
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program  require  an  e»«ulv«  amount  of  a pace  and  computing  time 
par  path  to  be  incorporated  directly  Into  this  simulation. 

a.  Program  Slmpllfl  »fcloa 

Iter*  arc  too  characteristics  of  t*l*  simulation  pro- 
gras  which  ptrait  a  significant  reduction  in  the  complexity  of 
the  V  path-loss  rout i no .  These  are 

(1)  with  few  exceptions,  all  path  terminal 
points  are  located  within  a  geographical 
area  with  a  maximum  dimension  of  about 
SCO  km,  and 

(2)  the  time  interval  of  interest  for  any 
single  simulation  should  not  overlap  the 
sunrise /sunset  transition  interval.  An 
approximate  +wo-hour  interval  should  be 
allowed  for  these  transition  tines  where 
the  simulation  results  will  be  of  insuffi¬ 
cient  validity  for  ionospheric  propagation 
performance.  This  is  not  true  for  the  other 
four  domains  of  propagation  In  this  simula¬ 
tion. 

With  these  limitations  in  geographical  area  and  time 
period.,  a  number  of  parameters  vhich  normally  are  variables  In 
the  path  loss  equations  may  be  regarded  as  fixed  parameters  in 
the  main  computing  routine.  Theee  parameters  rust  be  precomputed 
or  determined  graphically,  as  desired,  for  each  geographical  area 
and  time  period  and  supplied  as  coefficients  to  the  main  simula¬ 
tion  program. 

To  reduce  the  effects  of  fixing  certain  parameters,  the 
center  of  the  geographical  area  has  been  designated  as  the  control 
point  for  all  ionospheric  paths  between  terminals  within  the 
region.  Further,  the  time  has  been  -aligned  as  the  mean  lime  of 
the  simulation  period.  The  coefficient#,  together  with  a  brief 
dlscusaion  of  the  probable  effect#  c"  fixing  the  vtl-e  for  all 
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paths  within  the  area  and  tine  period  of  the  simulation,  are 
listed  below: 


•  Sunspot  Number  (8SH).  Time  variation  only;  nor¬ 
mally  predicted  as  average  or  nonimal  values  for  monthly  periods. 
Short-term  effects  which  might  be  significant  for  time  periods 

of  several  hours,  such  as  solar  flares,  are  not  considered  in  the 
present  program. 

e  Sun  Zenith  Angle  (i|i).  Variation  in  tine  and  geo¬ 
graphical  position,  but  effects  are  very  small  for  an  area  and 
time  period  such  as  employed  in  the  present  simulation. 

•  Gyro  Frequency  (Fh).  Maximum  variation  over 

the  time/area  being  considered  is  on  the  order  of  ±0.1  MHi,  which 
is  vithin  the  probable  error  of  prediction  for  future  time  periods. 

•  F-Layer  Height  (%).  Maximum  variation  over  time/ 
area  considered  is  normally  less  than  about  ±25  km,  which  is  also 
within  the  probable  error  in  prediction.  Effects  on  computed 
path  loss  are  on  the  order  of  2  dB,  maximum. 

•  F-Zero  MUF  (F20) .  Maximum  variation  for  the  areaa 
considered  is  on  the  order  of  ±0.5  MHz,  but  will  be  less  for 
many  regions  of  the  world.  Is.  general,  the  variation  over  the 
time/area  of  the  simulation  is  within  the  probable  error  in  pre¬ 
diction  for  future  time  periods.  Possible  resu’ ting  errors  in 
oath  loss  are  on  the  order  of  3  to  4  dB,  maximum,  with  a  possible 
erx'or  in  the  maxiwm  propagated  frequency  of  about  1.5  times  the 

error  in  F2  for  the  path  lengths  involved, 
o 

b.  Path-Less  Computing  Procedures 

( 1 )  Basic  Compu t < ng  Procedures  and  Formulas 

These  were  developed  at  NBS  and  the  U»S.  Array  Signal 
Propagation  Agency  (Refs.  13,  15,  16).  A  priori  data  required 
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for  Md  ilHlitim  no  rad  tha  formulas  for  path  loss  coaro ta¬ 
ttoo  ara  lliittd  la  the  following  partcnflu. 

(I)  A  Priori  Pata  Aogalred 

Tba  following  data  mat  be  obtained  froa  external 
aoarcaa  (e.g. ,  IBS  prograaa  or  froa  CBPL  prediction  charta)  and 
iaeorted  in  tba  program  for  each  simulation  run: 

(a)  LAT.  Latitude  of  center  of  alaulation  area 
in  degrees  (-90  <  LAT  £  90) 

(b)  LOW,  Longitude  of  center  of  simulation  area 
in  dagreea  eaat  of  Greenwich  aeridian  (0  £  LOW  <  360) 

(c)  orr.  Mean  tiae  of  simulation  la  GIT 

(d)  MOW.  Month  of  sinulation  (1  *  MOW  *  12) 

(e)  F2q.  Zero  distance  F2  layer  ML?,  in  MHz 

(f)  MgQQQ.  k’2  layer— 3000  km  ML?  factor,  or 
F24000*  F2  lay®r— 4000  ha  MUF,  in  MHz 

(g)  Hp.  F2  layer  virtual  height,  in  km  (if  not 
supplied  is  set  to  a  nominal  value  of  320  kn) 

(h)  Fg.  Gyro  frequency  at  100  km  height  in  MHz 
(if  not  supplied,  is  ret  to  a  nominal  value  of  1.2  MHz) 

(i)  SSI.  Sun  spot  mnaber  for  date  of  simulation. 

(3)  Basic  Path-Loss  Formulae 

(a)  The  total  transmit  n  loss  (L)  for  a  single- 
hop  path  neglecting  focusing  effects,  may  be  expressed  by 

L  *  L.-A  -A  +A  +  P  (20) 

JI  T  ft 


C-42 


where 

L  =  Total  path  lose,  antenna  terminal  to  antenna 

terminal i  in  dB 

L  ,  a>  Basic  free-space  propagation  loss,  In  dB 
Df 

s  Transmitting  and  receiving  antenna  gains, 
respectively,  In  dB  reference  Isotropic 

P  a  Loss,  due  to  polarization,  magneto-ionic 

splitting,  etc.,  in  dB 

A  a  Nondevi stive  D-region  absorption  loss,  in  dB. 

In  the  present  program,  an  «  effects,  A.J,  and  Afi,  are  computed 
in  the  main  body  program,  and  only  operating  frequency  (F,  in 
MHz)  and  terminal -to-terminal  ground  distance  (D,  in  km)  will  be 
supplied  to  the  HF  ionospheric  path-loss  subroutine.  The  total 
transmission  loss  co,<iputed  in  the  subroutine  will,  therefore, 
be  given  by 

L  .  +  t  (26) 

where  symbols  are  as  defined  for  eq.  27. 

(b)  When  path  length  is  specified  in  terms  of 

actual  ray  path  distances  (RDIST,  in  km)  the  basic  free-space 

propagation  loss,  L  ,  in  dB,  is  given  by  eq.  1  where  D  now 
Dl 

becomes  RDIST  (eq.  39). 

(c)  Mean  values  of  absorpotion  plus  polarization 
and  miscellaneous  minor  effects  losses  may  be  computed  by  use  of 
the  following  expression: 


A  +  P 


615.5  sec(g)[l.O  +  (0. 0037) (SSN) ] (cos  0.881f)1,3 
(F  +  Fh)1,98 
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where 

A  +  P  «  Medico  valu'd  of  absorption,  polarization 
and  minor  effect  Ios3as  in  dB 

0  m  Angle  between  ray  path  and  perpendicular 

to  the  earth  et  a  300  km  height 

8SH  «  Zurich  sunspot  r umber 

|  *  Sun's  zenith  angle  at  ionospheric  reflec¬ 

tion  point 

F  «  Operating  frequency,  in  MHz 

F  a  Gyro  frequency  at  100  km  height,  in  MHz. 

IS 

The  computed  path  loss  between  isotropic  antennas  is  obtained 
from  eq.  26,  employing  the  results  of  eqs.  1  and  27.  In  the 
actual  program  approximations  are  employed  for  some  of  the  fac¬ 
tors  of  eq.  27  in  order  to  reduce  the  space  and  computing  time 
required . 

(4)  Miscellaneous  Formulae 

(a)  In  addition  to  the  path  losa,  th  -  radiation 
angle  is  also  required  for  evaluation  of  antenna  gains.  Formulas 
for  computing  the  cosine  of  this  angle,  coefficients  required 
for  the  evaluation  of  eq.  27  above,  and  the  E--  and  F-layer  inter¬ 
mediate  distance  MUFs  are  listed  below. 

(h>  The  cosine  of  the  s;unrs  zenith  angle  (?), 
required  for  eq.  26  is  computed  from: 

cos  if  r,  [sin  (3LA7)  sin  (LAT)  +  cos  (SLAT)  cos  (LAT)j  x 

[cos  <15  GMT  -  180  -  LON)]  (28) 

where 

LAT  =-  Latitude  of  center  of  simulation  area,  in  degrees 

SLAT  =  Latitude  of  sun’s  subaolar  point  (supplied  in 

preparatory  program  as  table  of  coefficients — one 

per  month) 
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LON  *  Longitude  of  center  of  simulation  area,  In  degrees 
east  of  Greenwich  aerldlan 

GMT  =  Time  of  simulation,  QfT  hours. 

(c)  Both  E-  and  F2-layer  propagation  modes  are 
considered.  If  the  3-layer  will  support  propagation  at  the  fre¬ 
quency-ground  distance  of  the  path,  then  the  propagation  loss 
and  radiation  angle  for  a  single-hop  E-layer  path  are  computed 
and  returned  to  the  main  body  program.  However,  If  the  E-layer 
parh  is  not  available  (frequency  above  E-MUF),  and  the  F2-layer 
will  support  propagation,  then  the  loss  and  radiation  angle  for 
the  single-hop  F2-l-iyer  path  are  computed  and  returned.  Formulas 
for  computing  E-  and  F2-i*yer  MUFs  are  as  follows*. 

*  *ESMOO  <29) 

where 

EMTJF  =  E-layer  MUF,  in  MHz 
ML,  =  MUF  factor  for  E-layer 

Egooo  =  km  E-layer  MUF ,  in  MHz 

snd 

Mj..  =  0.2085  +  0, 12126481E-3(D)  +  0.9761871] E-ll (D2)  - 

0.60495454E-14(D3)  (30) 

where 

D  =  Ground  terminal-to-terminal  distance,  in  km 

E  =  =  3.345996  +  37.677361(I)-S2,411917a?')  + 

39 . 261511 (1 5 )  -  10,66485(1^) 


(31) 


where 


£  ■  Absorption  indax 

=>  U.O  +  0.0037SSR)  (cos  0.S81*)1*3  (32) 

■  0  for  I  cos  0.881f  |  2  90° 


(see  eq.  27  for  symbol  definitions). 

(d)  A  similar  set  of  factors  is  employed  fcr 
computing  the  F2-layer  MUF  for  intermediate  distances; 

FMUF  «  M  F2  (33) 

T  O 

where 

FMUF  *  F2~laysr  H1JF,  MHz 
Mp  *  F2  MUF  factor 

«  1.0  +  <Fh/2F2o)  (1.0  -  m)  +  m  (F2300()  -  l.C>  (34) 


with 

m  =  0.21615813E  -  5(D)  +  0.15387001E-6  (D2)  + 

0.38728093E  -  10(D3)  (35) 

where 

D  a  Ground  terrainal-to-termlnal  distance,  in  km. 

(See  eq.  31  for  other  symbol  definitions.) 

<e)  When  the  F 2^^  is  suPP^ied  in  H®u  of  the 

factor,  the  latter  is  derived  from 


F23000  -  (P24000  ®IF>/H-1  ^o' 


(36) 


(f)  The  cosine  of  the  radiation  angle  (A?  see 
Fig.  C-8)  and  other  factors  required  for  eq.  28  are  determined 
from  the  following  expressions: 

cos2  (A)  -  - - BiU  (p— - - - —  (37) 

1.0  +  R  -  2B  cos  (D/2r) 


sec  (0) 


_ 1J) _ 

,,  ”  „2  2  ,...1/2 

(1.0  -  R  cos  (A)) 


(38) 


RDIST 


2[h2  + 


2r  (h  +  r)(1.0  -  cos  (D/^r))]1^2  (39) 


where 

R  ss  r/(r  +  h) 

RDIST  ss  Ray-path  distance,  in  km. 

(Other  symbols  as  in  Fig.  C-8.) 

8.  Microwave  Region,  Domain  V 

a.  The  fifth  F-D  domain  of  the  propagation  model  lies 
between  the  frequency  limits  of  60  MHz  ^  F  **  10,500  MHz.  Thro** 
possible  types  of  propagation  paths  exist  in  this  part  of  the 
model.  The  equations  used  to  estimate  path  loss  in  this  micro- 
wave  region  have  been  taken  from  an  HRB-Singer,  Inc.,  (ttef.  17) 
and  were  also  used  in  the  ACCESS  simulation.  In  this  study, 
empirical  loss  expressions  derived  from  numerous  sets  of  signal 
measurement  data  are  presented.  I he  three  kinds  of  paths  modeled 
ere  called 
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FIG.  C-8  GEOMETRY  OF  IONOSPHERIC  RAY  PATH 


(1)  Essentially  Line-of -Sight  Paths,  Defined  aa 
line-of -sight  except  for  possible  snail  obstruc¬ 
tions  near  the  transmitter  antenna  location 
(see  Fig.  C-9). 

(2)  Single-Obstacle  Paths.  As  depicted  in  Fig.  C-9. 

(3)  Multiple-Obstacle  Paths.  As  depicted  in  Fig. 
C-9. 


b.  The  basic  transmission  loss  functions  for  the 
various  kinds  of  pa tbs  are: 


(1) 


Line- if -sight  path 

=  Basic  line-of -sight 
a  23.0  +  30  log1Q  F  + 


path  loss  (dB) 
20  log1()  D 


(40) 


(2)  Single  obstacle  path 

L  a  Basic  single  obstacle  path  loss  (dB) 
so 

Let 

i  /  2 

A  a  46.2  +  1070(§)~  7500^|)  +  .00268  (F)  +  28.34  log1()(F) 

B  3  . 879D  -  .00378D2 

s 

C  =  .879  (150)  -  .00378  (150)2  +  26  log. .  (D/150) 

S  1  u 


Then 


L 

so 


A  +  B 

s  s 

A  +  0 

s  s 


D  ^  150  km 
P  >  150  km 


(41) 


(3)  Multiple-obstacle  path 

L  =  Basic  multiple  path  loss  (dB) 
mo 

Let 

A^  =  119.9  +  287^|)-  11000^  J  +  .00425(F)  +  14.98  log1()(F) 
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LOS  CURVE 


♦H 


TERRAIN 

PROFILE 


3  LINE-OF-SIGHT  (LOS)  PATH 


*•>)  SINGLE  OBSTACLE  PATHS 


(c)  MULTIPLE  OBSTACLE  PATH 

E  *  EMITTER  SITE 
S  *  SENSOR  SITE 

H  -  HEIGHT  OF  OBSTACLE  ABOVE  LOS  CURVE 


FIG.  C-9 


CLASSIFICATION  OF  PROPAGATION  PATI 


B 


.5410  -  .00159  (D  ) 


m 

Then 


.541  (150)  -  .00159(150)  +  26  log1Q  (DA50) 


mo 


A  +  8  ,  D  £  150  km 

m  ra 

A  +  C  ,  D  >  150  km 

m  m 


(42) 


where 

L  s  Total  basic  transmission  loss  In  dB 
F  s  Wave  frequency  In  MHz 
D  e  Path  length  In  km 

H/  s  Maximum  obstacle  height  in  km  above  4/3  earth 

radius  curve  Joining  path  terminals  (see  Sec.  II 
of  this  appendix). 

It  should  be  noticed  that  for  both  the  single  ani 
multiple  obstacle  equations  that  the  last  several  terms  are 
altered  and  added  to  for  the  crossover  range  of  150  km. 

iiie  determination  of  line-of -sight  or  number  of  obstacles 
in  the  path  is  made  elsewhere  in  the  simulation  and  is  discussed 
in  Sec.  II  of  this  appendix. 
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This  four  volu&e  final  report  for  the  development  of  a  Combined  Reconnaissance, 
Surveillance,  and  Slt.iIKT  «lodel  (CRESS)  contains  a  detailed  description  of  the  mod>l, 
explicit  instructions  for  using  it,  formats  for  the  data,  extensive  lists  of  object 
and  background  characteristics,  representative  lists  of  sensor  characteristics,  and 
FQRTRAN-IV  listings  of  the  computer  programs.  The  description  includes  models  for 
photograph v,  IR,  radar,  visual,  TV,  WVD.  laser,  und  SIGINT  sensors.  These  sensor 
models  provide  the  core  for  the  three  major  models  (aerial,  ground,  and  SIGINT)  that 
constitute  CRESS. 

Methods  of  providing  for  the  effects  of  navigation  error,  aircraft  attrition 
caused  by  enemy  ground  AA  weapons,  attrition  of  ground  observation  posts,  equipment 
failure,  terrain  masking,  cloud  coverage,  vegetation  coverage,  camouflage,  misrecog- 
n  "ion  and  misidenti 'ication  of  target  elements,  false  targets,  raultisensor  interpre¬ 
tation.  various  report  criteria,  delay  times  for  reports,  and  time  ordering  of  reports 
and  of  grouping  elements  into  possible  area  targets  are  also  described.  Instruction 
for  the  collecting,  collating,  and  processing  of  the  data  necessity  for  running  the 
computer  programs  are  included,  as  are  instructions  for  analyzing  the  computer  output. 
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